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THE ANATOMY OF THE HEART IN TWO CASES OF SITUS 
TRANSVERSUS! 


HELEN B. TAUSSIG 
From the Cardiographic Laboratory of the Johns Hopkins University and Hospital 


This report is concerned with the anatomy of the heart in two cases 
of situs transversus, one in an infant, the other in an adult. In each 
instance there was a complete transposition of all the thoracic and 
abdominal organs. The left lung had three and the right lung two 
lobes; the heart was transposed to the right side; the liver lay to the 
left and the spleen to the right of the midline; the stomach extended 
from right to left; the ascending colon lay upon the left and the de- 
scending colon upon the right side of the abdomen. 

In one of the two cases studied, that of an infant, it was possible to 
make a careful dissection of the finer anatomical relations of the heart 
and blood vessels. The aorta lay central to the pulmonary artery, 
over which it arched and descended upon the right side of the body. 
The main arteries given off from the aorta were the innominate, which 
lay to the left of the trachea, the right common carotid and the right 
subclavian. A patent ductus arteriosus passed from the right side 
of the aorta to the right pulmonary artery—thus representing the 
remains of the right, not the left, sixth pharyngeal arch. Further- 
more, the right recurrent laryngeal nerve arose from the vagus beneath 
the arch of the aorta, while the left recurrent laryngeal nerve arched 
over the left subclavian artery. A similar reversal of the venous 
system had occurred. The superior and inferior vena cava lay upon 
the left side of the heart. The thoracic duct opened into the right 
innominate vein at its junction with the right subclavian. 

In both cases it was possible to study the anatomy of the ventricles. 
In each case examination showed that the thin-walled pulmonic ven- 
tricle occupied the ventral aspect of the heart; the thick-walled aortic 
ventricle lay posterior to it, with its apex extending beyond the outer 
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(right) border of the pulmonic ventricle. In brief, the anatomical 
relationship of the heart and great vessels gave an exact mirror image 
of the normal. 

Further examination of the superficial muscle bundles of both hearts 
revealed one striking fact, namely, that the superficial muscle bundles 
of the ventricles were not a mirror image of the normal, but that, on 
the contrary, their direction was essentially the same as that of a 
normal heart. Thus in both normal and transposed hearts the super- 
ficial muscle fibers ran spirally from base to apex in a clock-wise di- 
rection, as is shown in the accompanying figure. Furthermore, the 
general direction of the muscle fibers at the whorl of the apex of the left 
ventricle was unmistakably in a clock-wise direction toward the 
center. Thus, they resembled the normal and not the mirror image 
pattern. The exact relation of the two main horns of the whorl at 
the apex was not entirely clear but suggested that the whorl was 
rotated 180° beyond the normal. 

The deeper muscle bundles were examined according to the methods 
outlined by Mall.? Immediately upon peeling off the thinnest possible 
superficial layer one came upon a deeper muscle layer which ran at 
right angles to the superficial layer. This is in striking contrast with 
what is found in all normal hearts. While it is far beyond the scope 
of this report to enter into a discussion of the exact nature and struc- 
ture of the middle layer or so-called “deep circular muscle bundle,” 
nervertheless, it may be noted that the outer part of the middle layer 
of heart muscle has been repeatedly demonstrated to lie nearly parallel 
to the superficial muscle layer. The difference between the relations 
of the superficial and the deep layer in the normal and the transposed 
heart is shown in the accompanying figure, in which it is apparent that 
although the superficial muscle fibers follow the same course as the 
normal, the deep muscle fibers are the mirror image of the normal. 
This was confirmed by comparing the direction of the deep muscle 
fibersas they dipped in at the anterior and posterior longitudinal sulci, 
where again they were seen to be the mirror image of the normal. 
These findings were identical in both hearts. 

A similar mirror image of the normal was observed in the general 


2Mall. Amer. Jour. Anat., 1910-11, xi., 211. 
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arrangement of the muscle fibers upon the interior of the right ventricle 
in each of these transposed hearts. 








SUMMARY 


In these two instances of complete transposition of the heart, the 
main gross anatomical structures and the deep muscle bundles of the 
ventricles presented the mirror image of the normal, while the direc- 
tion of the superficial muscle bundles remained unchanged. 

























DISCUSSION 


The explanation of this peculiar anatomical relationship of the 
muscular layers of the ventricle, occurring in these cases, is not known. 
There are, however, several features in the embryological development 
of the heart which may throw some light upon the problem. In the 
first place, it has been shown that the first part of the primitive cardiac 
tube to be differentiated into muscle fibers is its outer portion, the so- 
called “epi-myocardium,”’ and that when this differentiation occurs, 
the substance between it and the endocardium is still undifferentiated 
material.* This indicates that the outermost muscle layer is formed 
earlier than the deep muscle layers. Furthermore, as one follows the 
development of the cardiac loop, it becomes apparent that the ventral 
part of the primitive loop is destined to become the right, while the 
posterior part will become the left ventricle, regardless of whether the 
embryonic heart twists to the right or to the left. 

Though lacking all but purely anatomical evidence, it is interesting 
to speculate as to the physiological significance of the arrangement 
of the three muscle layers. In view of the fact that the position of 
the deep muscle layers of the heart gives the mirror image of the normal 
constituting the preponderant contractile mass, the superficial layer 
being relatively thin by comparison, one would expect the systolic 
rotation about the anatomical axis of the transposed heart to be the 
mirror image of the normal. If this is true, then a further inference is 
justifiable, namely, that the deep muscle layers are primarily concerned 
with the systolic rotation of the heart during contraction and 
shortening. 

In conclusion, I wish to express my thanks for the courtesy extended 
by the Cardiographic Laboratory and the Department of Pathology, 
in making this study. 















3 Davis, Carl L. Comirib. to Embryology, 1923, xv, no. 72, 38. 














ON THE INTERRUPTION OF PREGNANCY IN THE RAT 
BY THE INJECTION OF OVARIAN FOLLICULAR 
EXTRACT 


MARGARET G. SMITH 
From the Department of Pathology, Johns Hopkins University, Baltimore 


Since 1900 the ovaries have often been announced as glands of 
internal secretion. That they have a definite relation to the cyclic 
changes in the genital tract has been well established. But exactly 
which part of the ovary is responsible for this action, or whether differ- 
ent parts have different functions, is still unsettled. The problem has 
been studied by observing partially or completely ovariectomized 
animals, by transplantation experiments, and by the injection of ovar- 
ian extracts prepared by a great variety of methods. A new technique 
for following the results of such experiments was supplied when Stock- 
ard and Papanicolaou discovered the definite cyclic changes in the 
vaginal mucosa of rodents during oestrus which can be followed in 
vaginal smears. Evans and Long have carefully worked out these 
vaginal changes in the rat and have correlated them with the accom- 
panying ovarian and uterine changes. A table is given showing the 
series of changes which are seen in the vaginal smears and their time 
relation to ovulation. 

The changes in the vaginal smears were first used for testing an 
ovarian extract by Allen and Doisey. They have shown that an 
extract of ovarian follicular fluid will produce changes in the vaginal 
mucosa of an ovariectomized rat which are identical with those seen 
during the oestrous cycles in normal animals. They have not de- 
scribed its effect upon pregnant animals. Brouha and Simonnet state 
that this extract does not affect pregnant rats. 

In contrast with the results of these authors it has been found in 
our studies that injections of ovarian follicular extract during the 
early days of pregnancy in rats will stop the progress of the pregnancy. 

The extract used was prepared from the follicular fluid of the pig’s 
ovary by the method described by Allen and Doisey. They have 
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shown that this follicular extract, given in three subcutaneous injec- 
tions over a period of eight to twelve hours, produces a series of 
changes in the vaginal mucosa of the ovariectomized rat which is com- 
parable to that seen during the oestrous cycle of a normal rat. As 
they have shown, about thirty-six hours after the first injection a smear 
from the vaginal mucosa is like that from a normal rat during stage I 
of the oestrous cycle; that is, it shows only nucleated epithelial cells. 
On the second day, or about forty-eight hours after the first injection, 
























TABLE I 
Normal oestrous cycle of the rat 
STAGE OF CYCLE DURATION VAGINAL SMEAR a CHANGES IN OVARIES 
I 12 hours + | Nucleated epi- Growing follicles. 
thelial cells Degenerated 
corpora lutea 
II ) Cornified epi- Animals will | Large follicles 
27 hours + peroyy mary —_ , 
III Cornified epi- Ovulation occurs 
thelial cells 
IV 6 hours Cornified epi- Growing corpora 
thelial cells and lutea. Follicles 
leucocytes smallest 
Vv 57 hours + | Leucocytes and nu- Large corpora lu- 
Resting stage cleated epithe- tea. Follicles of 
lial cells various sizes 
Pregnancy 21 days Leucocytes and nu- Large corpora lu- 
cleated epithe- tea 
lial cells 
Ovariectom- Leucocytes and nu- 
ized rat cleated epithe- 
lial cells 

















the vaginal smear shows only cornified epithelial cells. It is like the 
smear from a normal rat at the time of and following ovulation; that is, 
during stage III of the oestrous cycle. A few hours later leucocytes 
begin to appear and within another twelve hours the smear again con- 
tains leucocytes and a few nucleated epithelial cells as in the usual 
smear of an ovariectomized rat or of a normal rat during the resting 
stage. The smallest amount of extract which will produce this change 
in an ovariectomized rat weighing approximately 120 grams, when 
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given in three injections over a period of eight to twelve hours, is called 
by Allen and Doisey one unit of extract. The same method of stand- 
ardization was used here except that the rats used weighed approxi- 
mately 200 grams. But practically all the rats used in this series of 
experiments were of a comparable size, weighing between 160 and 210 
grams. Each lot of extract was standardized on six rats and to avoid 
unnecessary error, the same rats were used for most of the standard- 
izations. 

The extracts obtained were apparently never as pure as those of 
Allen and Doisey, for the weight of one unit of extract after drying on 
the steam bath varied from 0.005 to 0.01 gram. This was probably 
accounted for by the fact that cysts from which the fluid was taken 
were never selected, but all, regardless of size, were used, even when 
their unusually large size suggested that the cysts were abnormal. 
The comparative impurity of the extract seemed of no importance, 
since the effects of any non-specific substances were to be controlled 
by the control extracts. It was thought best to use the extract 
emulsified in distilled water rather than dissolved in corn oil. No 
matter what the strength of the follicular extract, or of the control 
extracts, the injections consisted of the same amount of fluid, 1 cc. at 
each of the three daily injections. This amount of water is conveni- 
ently injected into the loose subcutaneous tissues of a rat. 

The animals used were white rats raised in the laboratory. They 
were fed on the experimental rat diet, No. 3620, of McCollum (wheat 
flour 67.5 per cent, casein 15 per cent, powdered whole milk 10 per 
cent, calcium carbonate 1.5 per cent, sodium chloride 1 per cent, 
butter fat, 5 per cent, with the addition of green stuffs twice a week). 
Two females, were left in each small cage and the cages were cleaned 
three times a week. With this care, the oestrous cycles, as followed 
by daily vaginal smears from the beginning of the third month of 
life, were of four or five days’ duration in the large majority of the 
animals. 

For the experiments with pregnant animals, females, which were 
shown to be in stage I of the oestrous cycle, by the routine daily smear, 
were put in a cage with several males and left over that night. Smears 
taken the next morning usually showed spermatozoa. If they did 
not and if they still contained only cornified epithelial cells, the ani- 
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mals were left another twenty-four hours and the smears examined 
for spermatozoa again the next morning. If no spermatozoa were 
seen, the animal was not used for injections and with rare exceptions 
did not become pregnant. When spermatozoa were seen in the smear, 
the animal was considered pregnant. The day after the presence of 
the spermatozoa was counted as the first day of pregnancy. 

In a series of twenty-five controls in which mating was brought 
about and tested in this fashion, only three failed to go on to a normal 
termination of pregnancy. 

Injections of one or one and a half units of follicular extract on the 
first and second days of pregnancy sometimes interfered with its course, 
but when three units of extract were given on the first day of preg- 
nancy, in four out of six animals the pregnancy did not progress to a 
normal termination. Injections of three units of extract on the second 
day of pregnancy gave even more constant results. In none of six 
animals was the pregnancy continued. The animals did not gain 
weight in the manner characteristic of pregnancy. The onset of a 
new oestrous cycle varied from what should have been the fifth to the 
sixteenth day of the pregnancy, but most commonly it occurred from 
the eleventh to the thirteenth day. 

When a pregnancy had progressed to the third day, such a small 
amount of follicular extract no longer produced this effect but a much 
larger dosage was necessary. Injections of three units of extract on 
the third and fourth day rarely interfered with the pregnancy, as is 
shown in the accompanying chart. Even ten to thirteen units were 
not uniformly successful. But with a twenty-unit dose the pregnancy 
was interrupted in all of five animals injected on the third day and in 
all of six animals injected on the fourth day. In these animals the 
onset of the next oestrous cycle occurred from what should have been 
the tenth to the nineteenth day of the pregnancy but most often 
from the thirteenth to the fifteenth day. The weight curves were not 
those of pregnant animals. 

On the fifth day of pregnancy injections of twenty units of extract 
interfered with the pregnancy in only one of four animals. But when 
this dose was doubled pregnancy was interrupted in all of five animals. 
In these animals the onset of the next oestrous cycle varied from the 
tenth to the nineteenth day after the beginning of the pregnancy. 
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The animals did not show the increase in weight characteristic of 
pregnancy. 

One unit of follicular extract has no recognizable effect upon the 
vaginal mucosa of pregnant animals, but with amounts large enough 
to interfere with pregnancy some changes were always seen in the 
vaginal smears. They were never so pronounced as would have 
occurred in an ovariectomized rat with the same injection. In some 
animals the whole series of changes took place, but were of short 
duration, a matter of hours rather than days, so that they could not 
be detected by daily smears but only by smears taken every few hours, 
and begun about twenty-four hours after the first injection. In other 
animals, even by this method, typical cornification of the vaginal 
mucosa was not seen, although the character of the smears always 
tended toward the changes associated with oestrus; that is, the partial 
or complete disappearance of leucocytes and a great increase in nucle- 
ated epithelial cells. In still other animals, the vaginal changes were 
comparable to those seen in an ovariectomized rat when given a unit 
of extract. In all these experiments the oestrous cycles, when re- 
established, were of normal character and duration. 

Typical curves showing the effects of successful injections of follicu- 
lar extract during the first five days of pregnancy, together with the 
weight curves of these animals are shown. 

In animals injected on the fourth and fifth days of pregnancy, the 
appearance of blood in the smears was almost the rule. It usually 
first appeared two or three days after the injection and persisted from 
one to three days. In only two of the animals injected on the first, 
second and third days did blood appear in the smear; once on the 
tenth day in an animal injected on the second day of pregnancy. 
The onset of the next oestrous cycle in this animal was on the eleventh 
day. Again, it occurred from the ninth to the fourteenth day in an 
animal injected on the third day of pregnancy in which the next oes- 
trous cycle was on the sixteenth day. This difference in the appear- 
ance of blood is of interest. It may be true that, in those animals in 
which pregnancy was interrupted without this appearance of blood, 
the fertilized ovum was never embedded; while in those animals in 
which blood appeared the ovum was really embedded before its de- 
struction took place. This seems most likely, since it is known that 
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in the rat embedding takes place about the fifth or sixth day of preg- 
nancy. 

It is hoped that a report of the associated histological changes which 
are now being studied may be made in the near future. 

It seemed necessary to control these experiments with extracts 
made from some other body fluid or tissue. First, an extract from the 
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Fic. 3. AN ANm™AL GIVEN 3 Untts OF FoLLICULAR EXTRACT ON THE First Day 
OF PREGNANCY 
This curve shows the changes comparable to a short oestrous cycle following the 
injection of follicular extract. 
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Fic. 4. AN ANtm™mAL GIVEN 20 Units oF FOLLICULAR EXTRACT ON THE FouRTH 
Day OF PREGNANCY 


This curve indicates the tendency toward the change associated with oestrous 
following the injection of the follicular extract. 


whole blood of pigs was made in exactly the same manner as the fol- 
licular extract. This extract was given to rats in three injections on 
the second and fourth days of pregnancy. The amount of blood 
extract given contained more dry substance than the follicular extract 
which interfered with pregnancy when given on that day, or it was 
derived from a volume of blood in excess of the volume of follicular 
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fluid from which the effectual dose was derived. Six animals were 
injected with this blood extract on the second day of pregnancy and 
five animals on the fourth day. In these eleven animals pregnancy 
was interrupted only once, which is even less often than in the twenty- 
five uninjected controls. 
TABLE III 
Injected controls 


The numbers refer to the serial numbers of the animals injected. The small numbers 
in parentheses are the weights of animals on the day of injection. 

The plus (+) sign means that the pregnancy was interrupted. 

The minus {—) sign means that the pregnancy was of normal duration and a litter was 
born. 








EXTRACT USED sme, | SmEZ. 
(194) 321 — 
(152) 345 + 
(155) 355 — 
Blood extract, 0.18 gram...............2ss- (202) 333 — 
(156.5) 357 — (210) 294 — 
(156) 360 — (211. 286 — 
( (157) 372 — 
Blood extract, equivalent of 180 cc.......... (164) 369 — 
(133) 363 — 
(145) 356 — 
(139) 347 — 
Splenic extract, equivalent of 45 grams... ... (203) 337 — 
(203) 302 — 
(174) 340 — 
(170) 336 — (157) 365 — 
(140) 344 — (194) 339 — 
dg de ay iene ania (133) 346 — (190) 341 — 
(181, 291 + (183) 317 — 
(145, 351 — (150) 373 — 














A similar extract was made from splenic tissue and given in three 
injections to five animals on the second day of pregnancy. Pregnancy 
was not disturbed in any of these five rats. 

It was suggested that split protein products might be present in the 
follicular extract and be responsible for its influence on the course of 
pregnancy. This possibility seemed to have been sufficiently con- 
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trolled by the blood and splenic extracts. Despite this, however, a 
watery solution of unrefined commercial peptone was injected sub- 
cutaneously into. five rats on the second day of pregnancy and into 
five on the fourth day. The weight of solid injected exceeded the 
weight of solid in the amount of follicular extract effectual on that day. 
Only one of these ten animals failed to go through the normal course 
of pregnancy. 

A summary of these experiments and controls can be clearly seen 
in the tables. 

These results show that an extract of ovarian follicular fluid, when 
given early in pregnancy, will in some specific way interfere with its 
normal course. The number of units necessary to produce this effect 
on the first and second days of pregnancy is quite small but becomes 
rapidly larger as the pregnancy goes on. Pregnancy has not been 
interrupted by injections given after the fifth day, but only a few ani- 
mals have been tried so late. This early period is before and during 
the time of embedding of the ovum, and it may be that the follicular 
extract produces some changes in the uterine epithelium and stroma 
which makes proper embedding of the ovum impossible. It seems of 
special significance that this is the period during which the corpus 
luteum is actively growing and is believed to play its most important 
part in preparing the endometrium for the embedding and nourishing 
of the fertilized ovum. It seems quite improbable that the active 
part of the follicular fluid and the substance produced by the corpus 
luteum are identical, if the follicular extract injected at this time 
interferes with the normal development of the fertilized ovum. The 
theory that only one substance is produced in the follicle and in 
the corpus luteum has been recently advanced by a number of 
workers. Another observation which makes this questionable is 
the difference in the reaction of normal and of ovariectomized rats 
to follicular extract. If one unit of follicular extract is given to an 
ovariectomized rat each day over a period of two weeks, after the 
vaginal smear once shows cornified epithelial cells, these persist 
alone as long as the extract is given. In the normal rat if the 
same injections are given over a period of two weeks, the vaginal 
smears still show the cyclic changes instead of the continual pres- 
ence of only cornified epithelial cells, although the period of corni- 
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fication may be somewhat lengthened. That this follicular extract 
is periodically antagonized by some other condition which is re- 
moved with the ovaries seems the most plausible explanation for 
this difference in behavior. And the only functioning structure in 
the ovary which could have this effect seems to be the corpus luteum. 

Still another observation upholds this idea. In taking daily smears 
on a large number of rats over a period of months, four apparently 
normal animals have been found which gave vaginal smears showing 
continually only cornified epithelial cells, the condition which is pro- 
duced in the ovariectomized rat by continuous injections of follicular 
extract. When two of the animals were autopsied the ovaries showed 
large follicular cysts but no normal corpora lutea. 

Why the amount of follicular extract necessary to interfere with 
pregnancy increases from the first to the fifth day is of great interest, 
but can not be definitely answered now. It may be because the preg- 
nancy changes in the uterus are the more difficult to destroy the fur- 
ther they have progressed, or it may be because an antagonizing sub- 
stance is formed by the corpus luteum in increasing amounts as the 
pregnancy progresses. 

CONCLUSIONS 


1. It is possible to interrupt pregnancy in the rat by the injection 
of follicular extract during the first five days of pregnancy. 

2. As the pregnancy proceeds from the first to the fifth days it 
becomes necessary to inject much larger amounts of the follicular 
extract in order to interfere with its course. 

3. From these observations it seems probable that there is at least 
a difference in function between the follicular secretion and that of the 
corpus luteum. 
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THE EFFECTS OF GUANIDINE COMPOUNDS ON THE 
BLOOD PRESSURE WHEN INTRODUCED SLOWLY INTO 
THE CIRCULATION AND INTO THE GASTROINTESTINAL 
TRACT' 

RALPH H. MAJOR, M.D. 


From the Department of Internal Medicine, the University of Kansas School of Medicine, 
Kansas City, Kansas 


The ability of guanidine compounds to produce an elevation in 
blood pressure on intravenous and intramuscular injection has been 
repeatedly confirmed during the past two years. Occasionally a 
refractory animal is encountered, but in an extremely high percent- 
age of these experiments a very striking pressor effect is obtained. 
During the past eighteen months various related problems have been 
studied and further observations have been made upon the effect 
of guanidine compounds when introduced into the body in various 
ways. 


THE EFFECTS OF METHYL GUANIDINE SULPHATE ON BLOOD PRESSURE 
WHEN INTRODUCED SLOWLY 


We have found rather uniformly that the injection of methyl 
guanidine sulphate in doses varying from 0.05 to 0.1 gram per kilo of 
body-weight was followed by a prompt elevation in blood pres- 
sure, the elevation in many instances persisting from three to four 
or even five hours. These injections, however, were made rather 
rapidly, the dose being introduced in a ten per cent solution and the 
injection time not exceeding three minutes. In a group of experi- 
ments recently carried out a more dilute solution was used and the 
injection rate greatly prolonged. In four dogs 0.1 gram of methyl 
guanidine sulphate per kilo of body-weight in a one per cent solution 
was injected slowly, the time of injection covering a period of one 
hour. In none of these animals was any variation in blood pressure 
noted. This result was apparently due to the slowness of the injection 
and not to the dilution of methyl guanidine sulphate, since a one per 


‘Received for publication July 10, 1926. 


215 











PeAsasqo ISl1 BuryL3s ysou dy} SEM STYT, 


auNSsaag GOOTY NI ‘WW (fF 40 ASIY “HOVWOLS S,90q V OINI (LHOIAM-AGOG 40 Ory 
aad WV) CQ) ALVHAINS ANIGINVNS) TAHLAYY ONIONGOMLN] AM GaNNGONg AANSsaag AOOTY NI NOILVAATY “] ‘O14 





9t + e % >! + Zz viat 


+ 4 


4 4 4 4 | 
Teer rt Tevrrrrerer tT ae r | me ‘a 





wd 221 


24% Yrewajs Aq 
2jO4d)NS suipruenb jAgyau oj1y ‘ed tte 





io 
fe) 
-_ 
< 
a 
ee 
oo) 
Ay 
= 
< 
ro 


wetter ret tn teeters PO A I eg LALO, 
—_— f cape trl tg ena ms a 
fe eel _— 





rr 
—_ 
NSN 
w 
os 
=) 
i? 7] 
Nn 
ia) 
4 
a 
Qa 
fe) 
° 
-- 
-) 
Z 
co) 
wn 
Q 
Z 
=) 
i) 
o 
a 
e) 
o 
23) 
Z 
_ 
Q 
— 
Z 
< 
~ 
o) 
te 
fo) 
n 
S) 
5) 
ae 
_ 
3s) 





NOTO.) JHL OLNI ALVHd1NS AINIGINVN') TAHLAYY ONILOALIN] aILAV AIAAISID AANSsIag GOO Tg dO ASIyY LHOITS ‘7 ‘OIA 











7] $! + < ft) ° 6 ? 4 9 s ¥ © 2 Gras 
pte te ft tp reat teed + ++ + +4~+++++ + a ++ 4 4 ~ 
+ t tt T T T T t T t T 1 ' | 7 
GOjO> of61 pajoafu ¥ 
Mm saad onsed F 
Beyding wWegdirs suipruerb 
aurproenb jAqyaw so Fqiew wb so 
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cent solution when injected rapidly, would, it was found, produce a 
very striking elevation in blood pressure. These observations are of 
interest since they show that there is a mechanism in the body which 
is able to cope with such a powerful pressor substance, provided it is 
not introduced too rapidly. 


THE EFFECT OF METHYL GUANIDINE SULPHATE WHEN INJECTED 
DIRECTLY INTO THE GASTROINTESTINAL TRACT 


In six animals 0.5 gram of methyl guanidine sulphate per kilo of 
body-weight was introduced directly into the stomach through a 
stomach tube. In three animals there was a slight elevation in blood 
pressure not exceeding 40 mm. of mercury; in three no change in pres- 
sure occurred. A typical tracing is shown in Figure 1. 

In three animals three injections of 0.1, 0.3, and 0.5 gram per kilo 
of body-weight was injected into the duodenum. Twenty minutes 
after the last injection a definite rise in blood pressure was observed, 
but this rise again was rather inconspicuous and did not exceed 20 mm. 
of mercury. In marked contrast to these results were those obtained 
by injection of 0.5 gram per kilo of methyl guanidine sulphate directly 
into one of the duodenal veins. It was followed immediately by an 
elevation in blood pressure of 78 mm. of mercury. 

Two animals received injections of the same amounts of methyl 
guanidine sulphate into the jejunum. Here again almost identical 
results were encountered and the same results were obtained when 
methyl guanidine sulphate, in doses up to 0.5 gram per kilo, were 
injected directly into the descending colon (Fig. 2). 

In marked contrast to the above results were those obtained when 
methyl! guanidine sulphate was introduced into the ileum. Doses of 
0.05 gram per kilo of body-weight, when injected directly into the 
lumen of the ileum, produced an immediate striking elevation in blood 
pressure, of which Figure 3isanexample. These observations indicate 
a much greater ability of the ileum to absorb the methyl guanidine 
sulphate than that of either the stomach, duodenum, jejunum, or 
colon. Analogous observations have been made by Meakins and 
Harington,' who found that histamine was very rapidly absorbed 


1 Meakins, Jonathan, and Harington, Charles Robert: Absorption of histamine 
from the intestine. Jour. Pharm. and Exper. Therap., 1922-23, xx, 45. 
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from the ileum, somewhat less from the duodenum, and very much 
less from the cecum and stomach. 

These marked conditions do not apparently depend upon variations 
in blood supply, since it was found that methyl guanidine sulphate, 
0.05 gram per kilo of body-weight, when introduced into the veins 
of the duodenum, splenic vein, portal vein (Fig. 4), mesenteric veins 
of the jejunum, and the veins of the descending colon, produce a very 
prompt elevation in blood pressure. We also found that the intro- 
duction of methyl guanidine sulphate in doses of 0.1 gram per kilo of 
body-weight directly into the spleen or directly into the liver was 
followed by the characteristic elevation in blood pressure. 

All of the animals that received as much as 0.3 gram per kilo of body- 
weight of methyl guanidine sulphate showed gradually developing 
tremors, slowing of the respiration, and other evidences of toxic effect. 
These toxic symptoms appeared independent of any height to which 
the blood pressure rose. 


SUMMARY 


1. Methyl guanidine sulphate, when introduced very slowly into 
the body is either destroyed or neutralized in such a way that no 
elevation in blood pressure occurs. 

2. Methyl guanidine sulphate is absorbed from the gastrointestinal 
tract, the absorption being greatest from the ileum and very markedly 
less from the stomach, duodenum, jejunum and colon. 











STUDIES ON THE EFFECT OF HEPATIC EXTRACT UPON 
EXPERIMENTAL HYPERTENSION PRODUCED 
BY GUANIDINE COMPOUNDS’ 


RALPH H. MAJOR, M.D. 


From the Department of Internal Medicine, the University of Kansas School of Medicine, 
Kansas City, Kansas 


In several previous articles attention has been called to the action 
of certain liver extracts both in preventing and in abolishing the experi- 
mental hypertension produced by guanidine compounds. Further 
experiments indicate that this depressor effect is not due to histamine, 
choline or peptone, and have thrown additional light on the mecha- 
nism by which this fall in pressure is produced. 

Earlier observations have indicated that the elevation in blood pres- 
sure produced by the injection of guanidine compounds is due largely 
to peripheral vasoconstriction. Sections of the vagi do not inhibit or 
abolish this effect, and after removal of the medulla of the dog, a rise 
in blood pressure can still be obtained by injection of methyl guanidine 
sulphate (Fig. 1). Further confirmation of the view that the rise in 
blood pressure is due in part at least to peripheral vasoconstriction 
has been recently added by the work by Barksdale (1), who has ob- 
served microscopically such vasoconstriction of the capillaries. The 
observations of Guggenheim and Léffler (2) and of Stoland (3), show- 
ing that guanidine compounds produce a marked hypertonicity in the 
smooth muscle of the blood vessels, together with our observations 
on the pressor effect of guanidine in decerebrated animals make it 
probable that the vasoconstriction can occur independent of any 
central action. 

Since the height of the blood pressure depends upon the force of 
the heart beat, the viscosity of the blood, and the resistance of the 
capillaries, we have taken these three factorsinto account in studying 
the problem of how liver extract acts upon guanidine hypertension, 
and three groups of experiments have been carried out. 

In the first group of experiments the effect of guanidine and liver 








1 Received for publication July 8, 1926. 
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extract upon the force of the heart beat was studied. In this group 
the contraction of the auricles and ventricles was registered with a 
Cushny myocardiograph, and the blood pressure recorded by connect- 
ing the carotid artery with a mercury manometer. A typical tracing 
is shown in Figure 2. 

An examination of such tracings shows no definite difference in the 
strength of the heart beat either immediately after the injection of 
guanidine compounds while the blood pressure was elevated, or after 
the injection of liver extract when the blood pressure had fallen to 
normal. It is recognized that delicate changes in the contraction of 
the heart could not be registered by this instrument, but at the same 
time it is felt that the curve showed no change in the heart action 
sufficient to account for either the marked rise or subsequent fall in 
pressure. The above experiments were carried out on four dogs under 
artificial respiration, and identical results obtained in each instance. 

In the second group of experiments, studies were made on certain 
changes in the blood during the elevation of blood pressure and its 
later fall. These studies included estimations of the coagulation time 
and the viscosity of the blood. The animals used for these experi- 
ments were dogs and rabbits. The dogs were kept under light ether 
anesthesia and blood pressure tracings were taken, while the rabbits 
were not anesthetized and blood pressure estimations were not carried 
out. These observations were carried out on a series of six dogs and 
six rabbits. 

The clotting time of the blood, in these experiments, has not shown 
any constant change. We have found that while the injection of 
guanidine compounds seems to have a general tendency to shorten 
the clotting time, this shortening was very slight and the differences 
were within the normal variations for clotting time. Four typical 
protocols are shown in Table I. 

A study of the viscosity of the blood likewise yielded negative re- 
sults. There werenoconstant variations following either the injection 
of guanidine compounds which produced an elevation in blood pres- 
sure, or following the injection of liver extract which caused a lowering 
in blood pressure. The viscosity determinations were carried out 
with a Hess viscosimeter. Some typical examples of such readings 
are recorded in Table II. 
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These observations did not show any constant changes in either 
the coagulation time or the viscosity of the blood that would explain 
the elevation in blood pressure produced by the guanidine compounds, 
or the subsequent fall in blood pressure produced by the injection of 
liver extracts. 

In the third group of experiments observations were made on the 
capillaries and small arterioles of animals whose blood pressure was 






































TABLE I 
Doc 1 Doc 2 pos 3 RABBIT 1 
| Coagu-| Blood | (,..41,. | Blood | Coagu-| Blood | co, cula- 
| lation | pres- | tion'time | Pres | lation | res | tion time 
| 
Before injection...............| 3’ | 120 | 430" | 125 ¥ 120 | 1'30” 
(0.1 gm. per kilo methyl guani- | 
dine sulphate) | 
15 minutes later...............| 2 | 196 | 1’ 160 | 2 | 196 | 120" 
1 cc. liver extract | 
15 minutes later...............| 27 | 95 | 3’ | 150 | 2’ | 95 | 2’30° 
15 minutes later.............. ' 1’ | 80 | 330" | 140 d 80 | 2’30" 
TABLE II 
pos 1 Doc 2 
om, a —— Blood 
| Viscosity | Viscosity | pressure 
Before injection........................0-.{ 3.2 | 120 4.4 | 120 
0.1 gm. per kilo methyl guanidine sulphate | | 
es conn ic démeoamenenn | 3.6 | 196 3.8 | 160 
1 cc. liver extract 
SS ES Oe EE 3:2 | 95 33: | 90 
IIE sei. xtsesnonecesepniinnes | 2.3 | 8 | 35 | 80 





elevated by guanidine compounds. Observations were carried out 
on the ears of rabbits which were examined with the low power of the 
microscope. Injection of guanidine in the animals was followed by a 
decrease in the lumina of the vessels. After injection of the liver 
extract there was a dilatation of the vessels. Another interesting 
phenomenon observed was the almost total disappearance of the 
capillaries of the ears in many animals following the injection of 
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guanidine, and their later reappearance following the injection of liver 
extract. In many experiments the vasoconstriction after injection 
of the guanidine compounds was so marked that it was very difficult 
to obtain blood from the ear for chemical] studies. 

The evidence that we have obtained points to an action of guanidine 
on the arterioles and capillaries as a mechanism by which the elevation 
in blood pressure is produced and also indicates that the action of liver 
extract consists in abolishing this vasoconstriction. The exact 
mechanism of this action remains to be studied further. The liver 
extract which was used for these experiments has no effect upon the 
blood pressure of a normal animal when employed in the doses used 
in these experiments. The method of its action suggests, at least in 
part, a neutralization of the effect of the guanidine either upon the 
nerve endings in the smooth muscle of the blood vessels or upon the 
smooth muscle itself. 
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A CONSIDERATION OF ARTERIOSCLEROSIS OF THE 
CEREBRAL VESSELS AND THE PATHOGENESIS 
OF HYPERTENSION! 


JAMES BORDLEY, III, ann B. M. BAKER, Jr. 
From the Department of Pathology, The Johns Hopkins University, Baltimore 


INTRODUCTION 


It has long been recognized that an adequate blood supply to the 
brain is a factor essential to the preservation of normal cerebral 
function. We are told that the physicians of the ancient Mesopo- 
tamian civilization, some several thousand years before the Christian 
era, had learned that compression of the great arteries of the neck was 
an efficient means of anaesthesia. The Greeks were so familiar with 
this fact that they named these arteries “the vessels of deep sleep 
(xapos),” or carotids. 

The effect of ligature of the carotid arteries remained for centuries 
an enigma to physicians and a source of wonderment to civil com- 
munities. ‘Peripatetic mountebanks used to include a goat among 
their stage properties and were said to tie up and relax these arteries 
in the animal so that at their pleasure the goat fell down motionless 
and stupid, or at their bidding leapt up again with great vigour” (1). 

During the nineteenth century numerous observations were made 
upon animals in which the cerebral blood supply had been reduced by 
one means or another. Near the end of the century (1896), Leonard 
Hill collected many of these observations and published them, together 
with his own, in a monograph entitled, ““The Physiology and Pa- 
thology of the Cerebral Circulation.” Among other facts presented 
in this monograph, we find these: that dogs whose cerebral blood 
supply has been greatly reduced by arterial ligation are capable of 
surviving for weeks, even months; that during the first several days or 


1 Granted the William Henry Howell Award for 1926. 
2 Read before the Medical Society of the Johns Hopkins Hospital, April 19, 
1926. Received for publication May 10, 1926. 
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weeks, depending upon the individual case, there are manifest signs 
of cerebral anaemia and, in addition, vasomotor spasm leading to high 
blood pressure; that these phenomena vanish when a sufficient col- 
lateral circulation has been established to meet the demands of the 
brain. Furthermore, Hill observed that a monkey with both verte- 
bral and both carotid arteries completely ligated, exhibited a main- 
tained rise of blood pressure during a period of observation extending 
over two hours. 

Several years later the classical observations of Cushing (2) resulted 
in the formulation of what is sometimes called ‘“‘Cushing’s Law,” 
which states that “an increase of intracranial tension occasions a 
rise of blood pressure which tends to find a level slightly above that of 
the pressure exerted against the medulla.” Cushing felt that this 
increased blood pressure was brought about by the vasomotor center 
in an effort to prevent anaemia of the medulla oblongata; that it was, 
in other words, an expression of the urgent necessity for the preserva- 
tion of the medullary centers. 

The view that the hypertension in cases of increased intracranial 
pressure is of the nature of a compensatory reaction has been largely 
accepted by physiologists; more, perhaps, upon the basis of its sound 
logic than upon incontrovertible experimental evidence. This evi- 
dence, it would seem was not forthcoming until the recent work of 
Anrep and Starling (3). We shall present in brief the methods and 
results of their investigations, in so far as they bear upon the questions 
which we wish to consider at the present time. 

The brain, head, neck and right foreleg of a dog were supplied with 
blood by means of a heart-lung preparation entirely under the control 
of the experimenters. The left foreleg, trunk and hindlegs of the 
animal were supplied by its own heart. Precautions were taken to 
prevent any gross interchange of blood between these two circulations. 
It was the aim of the investigators to have only a nervous connection 
between the experimentally controlled blood supply of the brain and 
the more or less autonomous supply of the rest of the body. 

Under such experimental conditions it was demonstrated that an 
increase in the blood flow through the brain caused a rapid fall in the 
pressure of the circulation in the trunk and legs. Further, this fall 
was found not to be momentary but persisted as long as the exciting 
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conditions were maintained. Conversely, it was determined that 
with a decrease in the blood flow through the brain a coincident and 
sustained arterial hypertension was established in the portion of the 
animal supplied by its own heart. These effects were found to be 
abolished by section of the spinal cord but could not be altered by 
severing both vagi. 

Several months ago Starling (4) read a short paper suggesting the 
possible pathological significance of these physiological findings. He 
spoke of numerous lesions, vascular and otherwise, which might reduce 
the blood supply to the medulla oblongata and cause a compensatory 
rise in blood pressure. He concluded his paper by saying that “the 
causation of hyperpiesia must first be sought in the vasomotor center.” 
We wish to present the results of such a search. 


CHOICE OF MATERIAL 


We started our work with the idea that it might be possible to 
explain the more or less chronic states of arterial hypertension, so 
frequently associated with arteriosclerotic changes, upon the basis of 
a localization of these changes in the region of the vasomotor center. 
Such changes, we thought, could account for a reduction in the blood 
supply to this center, and lead to a compensatory increase in arterial 
tension. We decided that our investigations could be properly con- 
trolled by choosing a number of cases which had presented at autopsy 
about the same degree of arteriosclerosis but of which half had shown 
clinically persistent arterial hypertension, and half a blood pressure 
within or below normal limits. It was our purpose to determine 
whether there were any contrasting anatomical conditions in the 
vessels supplying the vasomotor center in these two types of cases. 

Since physiologists have not yet come to any agreement as to the 
exact location of the vasomotor center, we could not confine our 
researches to any precise region or circumscribed group of cells. We 
felt that we should not be far out of the way if we studied that portion 
of the brain stem located between the obex and the middle of the pons. 
This opinion was derived from the following facts: Dittmar (5) 
showed in 1873 that when the brain stem is gradually sliced away from 
above downward, a level is reached at about the middle of the pons 
when the blood pressure begins to fall. When the sections pass 
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through the upper part of the medulla the blood pressure falls to its 
lowest level, a level which is not affected by subsequent section. 
Ranson and Billingsley (6), in a comparatively recent study of the 
vasomotor reactions resulting from electrical stimulation of the floor 
of the fourth ventricle, located a definite depressor point in the area 
postrema just lateral to the obex and an equally definite pressor point, 
not more than 3 mm. away, in the fovea inferior. Observations by 
others point to a similar location. 

The manner in which we obtained our material is of importance. 
We decided that a useless delay would result if we awaited the accu- 
mulation of a consecutive series of cases exhibiting generalized arterio- 
sclerosis. With Prof. W. G. MacCallum’s kind permission we went 
over the available material in the Pathological Laboratory of the 
Johns Hopkins University, and culled out those cases of generalized 
arteriosclerosis of which the brain had for one reason or another been 
preserved. We made gross examinations of the vessels supplying the 
medulla oblongata and in each case cut from the medulla a transverse 
section about 5 mm. thick, taking care always to include the obex 
in the tissue removed. When, in the following paragraphs, we speak 
of the “arterioles of the medulla oblongata,” we refer to the arterioles 
anywhere within these blocks. 

The fact that the choice of our cases was governed by available 
material accounts for the frequent occurrence of cerebral haemorrhage 
as a cause of death. These brains were preserved for teaching and 
other purposes while the more normal ones were cast aside. 

It will be noticed in the following histories that we have made 
rather elaborate studies of the clinical records of our cases. We have 
intentionally sacrificed the brevity which would, perhaps, be more 
desirable to the reader, in order not to omit any details bearing directly 
or indirectly upon the state of the blood pressure. We have tried to 
utilize every pertinent fact, for we feel that histories in which, for 
instance, only one blood pressure reading is presented are practically 
meaningless. When one considers the profound effects which the 
psychic condition of the patient, the functional state of his heart, 
cerebral haemorrhage and other factors, have upon the blood pres- 
sure level, one will realize the justification of our contention. A 
summary of the outstanding facts is presented at the conclusion of 
each history. 
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CONSIDERATION OF MATERIAL 


The complete records of twenty-four cases are included in an 
appendix; at this point we shall only touch briefly upon some few 
outstanding facts. 

An attempt has been made to arrange the cases in the order of their 
importance: those at the beginning of the series offer very definite 
evidence as to the state of the blood pressure over a long period of 
time: (especially Cases 1 to 12); toward the end of the series the 
evidence is not so definite. 

We have not tried to draw a sharp line between normal and high 
blood pressure. Nearly every author has his own opinion as to what 
constitues the upper limit of normal blood pressure and we do not 
wish at this time to oppose any such cherished opinions; we prefer 
rather to leave the decision to the individual’s choice. For purposes 
of tabulation, however, we have been forced to make an arbitrary 
division between what we consider hypertensive and what we consider 
normal cases. Fortunately, there is rarely room for argument, for 
our series divides itself into two widely separated groups. There 
are two exceptions to this generalization which require some 
explanation. 

Case 21, with a blood pressure ranging from 150/100 to 165/110, 
was placed in the hypertensive group because of the persistently 
high diastolic level maintained throughout a period of two weeks. 
Case 22, with a blood pressure rising to 170/100, was placed among the 
normal cases because the intraventricular haemorrhage which caused 
the death of the patient might well have been responsible for the 
arterial hypertension; it will be observed that when the patient was 
first seen the blood pressure was 150/84. 

With this arbitrary separation of cases, based more upon a thorough 
consideration of all available evidence than upon any fixed idea as to 
the upper limit of normal blood pressure, we have divided our series 
into fourteen cases with hypertension and ten cases with normal blood 
pressure. Our results, as tabulated (see Table I), show that arteriolar 
changes within the medulla oblongata, although found constantly 
among the hypertensive cases, are completely lacking among the 
cases with normal blood pressure. 
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As to the nature of the pathological changes in the medulla ob- 
longata, we shall say very little. There appears to be no uniformity 
of change: in some cases the intima, in others the media, is the seat 
of greatest alteration. As a rule, the larger arterioles are more likely 
to show intimal and the smaller ones medial changes. In the small 
arterioles one finds the media extraordinarily thickened in some cases. 
The muscle nuclei are distorted, pale and occasionally indistinguish- 
able. The wall of the vessel is sometimes hyaline in appearance, 
sometimes granular. In certain cases fine particles of fat are dis- 
tributed between the muscle fibres or accumulate just beneath the 
intima, bulging into the lumen of the vessel. Fibrous thickening of 
the media is frequently observed. The changes which we have found 
are well recognized by pathologists. Lindemann (7), in a recent study 
of apoplexy, has described changes of the same nature in the arterioles 
of the brain in four cases of hypertension. We have elected to group 
these various alterations under the general term arteriolosclerosis, 
regardless of whether the intima or media is the seat of greatest in- 
volvement. In the brief descriptions of the condition of the arterioles 
of the medulla oblongata, in our case records, we have confined 
ourselves to a study of the structure of the vessels as observed with 
the use of haematoxylin-eosin and the combined Verhoeff and van 
Gieson stains. 


GENERAL DISCUSSION 


Before attempting to give an interpretation of the results of this 
study we should like to emphasize that our series is small and that 
ultimate conclusions must await a far more extensive research. 
Nevertheless, we feel quite justified in making certain suggestions as 
to the relationship between cerebral arteriosclerosis and vascular 
hypertension. 

In 1910, Rudolf (8) conceived the idea that hypertension could, in 
certain instances, be explained upon the basis of a partially occluded 
vessel supplying vital centers in the brain, such as those in the medulla 
oblongata. This appears to have been a purely theoretical concep- 
tion, as the author gave no anatomical basis for his views. 

Somewhat later, as part of an extensive study of arteriosclerosis, 
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Evans (9), with Hill’s (10) demonstration of the effect of the cere- 
bral anaemia in mind, investigated the condition of the arterioles of 
the brain stem in thirty-five “selected” cases. As far as we could 
discover, the author drew no conclusions as to the relationship 
between vascular changes in the brain stem and elevated arterial 
tension. Diffuse hyperplastic sclerosis, to use his term, was not 
observed constantly in the small vessels of the medulla oblongata in 
his ‘‘selected”’ cases. We were unable to determine just what types 
of cases were represented in his ‘‘selected”’ series, for few blood pres- 
sure determinations were recorded; but in those of his cases which we 
could analyze from our point of view, his results seemed to coincide 
with ours. 

From our own investigations we feel that we have established at 
least a constant association between structural changes in the arterioles 
supplying the medulla oblongata and persistent states of arterial 
hypertension. We are not the first to call attention to the frequency 
with which arteriolar changes within the cranial cavity are associated 
with high blood pressure levels. It will be recalled that Gull and 
Sutton (11), more than fifty years ago, in the first extensive studies 
on arteriolar changes occurring in chronic Bright’s disease, found that 
the minute arteries of the pia mater were best suited to their investi- 
gations. It was in these tiny arteries, lying along the under surface 
of the brain, that they studied those vascular changes which soon 
became known the world over as “arterio-capillary fibrosis.’’ It 
might be interesting to quote what they had to say about the dis- 
tribution of this so-called arterio-capillary fibrosis: ‘In some cases 
the changes seem to commence in the kidney or the heart, sometionss 
in the lungs or in the brain, or perhaps in other organs.” 

“In some few the vessels of the pia mater had largely undergone this 
change; and the heart was hypertrophied, whilst the kidneys remained 
healthy.” 

Numerous other pathological studies have demonstrated the great 
frequency with which one finds arteriolar changes in the brain in 
persistent hypertensive states. Pal (12) recently made the following 
comment upon this association: ‘In the anatomical findings in 
primary hypertonia there are two important points: the absence of a 
generalized arteriosclerosis and the localization of the latter, in so 
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far as it exists, in the smallest arteries of quite definite locations, 
especially the brain and kidneys.” 

Approaching the subject from the clinical side, we find certain 
observations which point toward the association which we are trying 
to emphasize. O’Hare and Walker (13) have recently published the 
results of a study of one hundred cases of arteriosclerosis. Their 
series was divided into two parts of fifty cases each. The first group 
consisted of patients manifesting definite signs of sclerosis of the 
retinal vessels; it was found that these patients exhibited hypertension. 
The second group was made up of patients without retinal arterio- 
sclerosis and there was no associated hypertension. As was pointed 
out by the authors, one very infrequently sees cases of early hyper- 
tensive disease which do not exhibit retinal vascular lesions recog- 
nizable by clinical means. (It is interesting to note that Cohen (14) 
found in autopsy specimens microscopical lesions in the retinal arteries, 
which were not demonstrable by ophthalmoscopic examination.) 
That the finding of retinal arteriosclerosis is a very satisfactory guide 
to the coincident occurrence of cerebral vascular changes was demon- 
strated by Moore (15) in a study of sixty-six cases. 

In short, then, it is not a new idea that cerebral vascular changes are 
found frequently in cases of persistent hypertension. In our series 
we have found definite arterioloscierosis in the medulla oblongata of 
such cases and we suggest that such arterial changes, as we have 
found, constitute an anatomical basis for the explanation of sustained 
arterial hypertension. We say this because we believe that it is highly 
probable that these changes would tend to diminish the blood supply 
to the parts concerned. With such a diminution occurring in the 
region of the vital centers, experimental evidence would make it seem 
a just conclusion that a compensatory elevation in blood presssure 
would be demanded (16). 

One might reasonably ask what evidence we have for supposing 
that the brain, in such cases of hypertension, would not receive its 
proper blood supply if the arterial pressure remained at a normal 
level. Our answer to this question is based entirely upon the clinical 
experience of others: quite obviously, if the elevation in blood pres- 
sure is compensatory in nature, one could do nothing more deleterious 
than to induce an artificial fall. The fact that such a procedure con- 
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stitutes a very real danger to the chronic hypertensive patient is well 
recognized by clinicians, for although there are available certain 
powerful vasodilators which are capable of producing, in most cases, 
extraordinary reduction in blood pressure level, they are rarely em- 
ployed. Clinical experience has demonstrated untoward effects 
which have limited the use of these drugs to only the most extreme 
cases. In 1909 Matthew (17) reported observations upon several 
cases clearly illustrating the dangers consequent upon artificial 
reduction of high blood pressure. Let us follow the course of events 
in one of these cases: 

The patient suffered from chronic hypertension with a blood pres- 
sure varying from 220 to 250 mm. Hg (systolic). One grain of erythrol 
nitrate was administered at a time when the systolic pressure was 
210 mm. The following is a description of the subsequent happen- 
ings: “The pressure began to fall in about four minutes and fell 
thereafter about 5 mm. every two minutes. When the pressure had 
fallen to 170 mm.—in 10 minutes—he began to have unpleasant 
symptoms. He became pale, cold sweat broke out on him, he com- 
plained of feeling giddy, sick and faint. His pulse became slower. 
The pressure continued to fall steadily. The symptoms became 
aggravated and at the end of twenty-five minutes he fainted in bed. 
The last estimation of the pressure I was able to make was at the end 
of twenty-four minutes. It was then 115 mm.” 

There is always a grave possibility of error in interpreting such 
symptoms but it would seem that this patient required a blood pres- 
sure of at least 170 mm. to prevent cerebral and, what is more sig- 
nificant, bulbar anaemia. 

Perhaps we should have considered earlier in our discussion certain 
strong objections to our views. What seems to us one of the most 
important of these objections is this: That the arteriolar changes 
which we have observed are the result of a compensatory reaction 
to the strain of persistently increased arterial tension. We may sum 
up our stand on this point by saying quite emphatically that we cannot 
answer the objection. The argument as to whether arteriolosclerosis 
is a primary or secondary phenomenon in chronic hypertensive 
conditions seems to be an endless one, and no nearer a settlement 
than it was in 1875. Those who are familiar with the early literature 
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on this subject cannot fail to recall that Dr. George Johnson (18), 
who was apparently the first to observe widespread arteriolar changes, 
and Sir William Gull (19), who was the first to make a special study 
of the condition, arrived at diametrically opposed views. Johnson 
(18) was certain that the changes were secondary, and Gull was con- 
vinced that they were primary. Neither one of these two pioneers 
could convince the other, and we today, fifty years later, with our 
infinitely better methods of histological study and our highly organ- 
ized clinical attack, cannot add enough significant evidence on either 
side of the scale to carry the balance completely one way or the other. 

For our part, we can say simply this: Certain authors look upon 
the changes found in the arterioles as an hypertrophic reaction to 
high blood pressure. We have found no essential difference between 
the arteriolar changes in various parts of the body, whether occurring 
with or without hypertension. If the changes were limited to the 
intima, or were even most striking in that portion of the arterial 
wall, it does not seem there would be cause for argument. We feel 
that the argument that the changes would appear to be secondary 
because they occur in a muscular structure, the media, is not sound. 
In the arterioles of the medulla oblongata, the changes which we 
have observed in the media are certainly not hypertrophic in character, 
if we understand correctly the meaning of hypertrophy. We would 
be inclined to think that, at least in some of our cases, the changes 
more nearly represented the end stages of some slowly progressing 
necrotic process. 

There is a further point which may or may not be of significance as 
regards this question. If arteriolosclerosis is to be regarded as a 
compensatory reaction to a persistently elevated arterial tension, 
should the reaction not be present in all vessels subjected to the 
strain? That the reaction, if such it be, is not general but tends to 
be localized in certain tissues (Fishberg (20), Evans (21), Gull and 
Sutton (22) and others), and even in isolated arterioles of the same 
tissue (Gull and Sutton (23)), seems quite definitely established. 
We realize that objections may be raised against the significance of 
this fact, but we were so struck by the frequency with which we found 
a normal and a sclerotic arteriole coming almost into the same field 
of the microscope that we felt justified in offering the question for 
consideration. 
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We might now pass to a second and equally important objection 
to our views, namely, that the changes which we have observed in the 
brain are only part of a generalized arteriolosclerosis which in itself 
would be capable of raising the blood pressure. Quite a number 
of investigators hold the view that widespread arteriolar changes 
would offer sufficient mechanical obstruction to the blood flow to 
necessitate increased arterial tension. We do not attempt to argue 
against such a possibility, but we can find no evidence that arterio- 
losclerosis is ever, except in the rarest cases, a generalized process. In 
a series of eighty-two cases of “essential hypertension,” Fishberg (24) 
found arteriolosclerosis in the kidney in every case. The organs next 
most frequently involved were spleen, pancreas, liver and brain but 
by no means were these involved constantly. The arterioles in the 
skin, myocardium, skeletal muscles, lungs and gastro-intestinal tract 
were thickened in an insignificant number of cases. Evans (25), 
in an extensive study of the distribution of arteriolosclerosis, found 
the lesions most frequently in the kidney, spleen, brain and pancreas; 
while only rarely were the vessels in the heart, skeletal muscles or 
gastro-intestinal tract involved. We have observed a similar dis- 
tribution in those of our own cases which exhibited hypertension. 

It seems, then, that the widespread nature of arteriolosclerosis 
cannot be held to account for chronic hypertensive conditions. Cer- 
tain authors feel, however, that the total distribution, limited though 
it may be, is capable of causing sufficient mechanical obstruction to the 
flow to cause a rise in arterial tension. Others believe that the 
mechanical obstruction in localized areas or tissues is the deter- 
mining factor. 

Hirsh (26) and Hasenfeld (27) have supported the contention that 
constriction of the arteries in the great splanchnic area plays a causal 
role. Jores (28) was among the first to find fault with this hypothesis 
when, in a pathological study, he failed to discover any relationship 
between sclerosis of the splanchnic vessels and cardiac hypertrophy. 
Investigating this mater from an experimental point of view, Longcope 
and McClintock (29) found that compression of the superior 
mesenteric artery and the coeliac axis in dogs consistently gave rise 
to an elevation in arterial pressure which persisted for at least an 
hour. However, in a subsequent investigation, the same authors 
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(Longcope and McClintock (30)) studied the effect of permanent 
constriction, without complete occlusion of these vessels. At the 
end of five months there was no cardiac hypertrophy and there had 
been no definite increase in arterial pressure. In a parallel study of 
autopsy material, there appeared no relationship in man between 
cardiac hypertrophy and sclerosis of the splanchnic vessels. 

Anatomical changes in the arterioles of the kidney are found in the 
vast majority of cases exhibiting chronic hypertension. This fact 
has been recognized for years, and the significance of the association 
has led to lengthy discussions and the accumulation of a colossal 
literature. A comprehensive consideration of this subject would 
lead us far afield. We have arrived at the conclusion that anyone, 
in going over the recent literature on the nephrogenic origin of chronic 
hypertensive states, must necessarily decide that the question is still 
an open one. It cannot be denied that the occurrence of arteriolar 
changes in the kidneys is quite striking in most of those cases which 
have displayed persistent hypertension; but it is equally remarkable 
that renal arteriolosclerosis may be found where numerous observa- 
tions have revealed a blood pressure within normal limits. These facts 
will be found quite clearly demonstrated in our series. As to whether 
the changes in the renal arterioles are the ultimate cause of hyper- 
tension, no one can say at the present time. 

Thus, we see that arteriolosclerosis, in most cases of persistent 
hypertension, is not a widespread process. It appears to exhibit a 
predilection for certain organs while others are left relatively or totally 
uninvolved. We have already called attention to Pal’s (31) remark 
that the arterial changes tend to occur most frequently in the smallest 
arteries of the brain and kidneys. In all of our cases which were 
found clinically to exhibit sustained hypertension, we observed 
variable degrees of arteriolosclerosis in the kidneys, as well as the 
arteriolosclerosis in the medulla oblongata. If, therefore, hyperten- 
sion is to be ascribed to the mechanical interference of arteriolar 
constriction, the vascular changes in the brain and, in most cases, the 
kidney must constitute, at least to a great extent, the adequate ob- 
struction. There is, as far as we know, no experimental evidence 
that diminution in the renal arterial supply constantly causes an 
elevation in blood pressure. On the other hand, we feel that the 
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experimental results obtained by Hill (32), Anrep and Starling (33), 
and others have definitely established the effect of such a diminution 
in the supply to the brain. 

We wish to call attention to two of our cases which are of con- 
siderable interest as regards the distribution of arteriolosclerosis. 

In the first, Case 1, there was a long history of hypertension with 
little clinical evidence of renal insufficiency. Death resulted from 
a cerebral vascular accident and autopsy revealed very mild arteriolar 
lesions in the kidney, with no evidence of a progressive chronic nephri- 
tis. The small arteries throughout the body, with the exception of 
those in the brain (medulla oblongata), showed no very extensive 
changes. 

The second, Case 2, exhibited a most extreme arteriosclerosis in- 
volving both large and small arteries. The arterioles in the kidneys, 
skin, adrenals and other organs were sclerotic; whereas those in the 
brain were remarkable in their thin and delicate structure. The blood 
pressure was constantly low. 

Before bringing this paper to a close we wish to call attention to 
several important points which, were they not emphasized, would 
perhaps escape notice and lead to erroneous conclusions. 

In the first place, the changes which we have found in the arterioles 
of the medulla oblongata (of our hypertensive cases), are not strictly 
localized to this area but seem to constitute only part of a process 
which may, and nearly always does, occur in other organs. As to 
whether examination of other parts of the brain would reveal changes 
similar to those which we have found in the brain stem, cannot be said 
at the present time. The few cases, however, in which we have con- 
ducted such an examination have shown changes of the same type and 
of approximately the same degree. The arteriolosclerosis is frequently 
found to be more extreme in the kidneys than in the medulla oblongata. 
We feel that it is important to emphasize this point, because in the 
routine examination of tissues one may pass over significant vascular 
lesions in the brain, which would appear unimportant when compared 
with those so often found in the kidneys. 

In the second place, we do not wish to create the impression that 
we can attempt, on the basis of our findings, to explain all types and 
varieties of arterial hypertension. It is apparent that transient 
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elevations in blood pressure are not explicable upon the basis of what 
would appear to be permanent vascular lesions. 

Finally, we do not wish to attempt to establish what physical or 
chemical conditions, resulting from reduction of the blood supply to 
the medulla oblongata, could be held responsible for a compensatory 
elevation in blood pressure. In this regard, we shall go no further 
than to state the obvious fact, that the relationship would seem to 
depend upon something more than the amount of oxygenated haemo- 
globin which is being delivered to the medulla oblongata; otherwise 
we should expect hypertension in cases of severe anaemia. One will 
call to mind other factors such as increased carbon dioxide tension 
which may play the significant réle. 

In our series we have found only one condition of the general circula- 
tion which we feel may in some way be responsible for an elevation of 
blood pressure. That condition is cardiac decompensation. It will 
be noticed that in several of our cases (Cases 5 and 11) the blood 
pressure, which was comparatively high, in a state of decompensation 
fell as the heart began to compensate. This, in the light of the older 
explanations of blood pressure levels, would appear to be a rather 
paradoxical state of affairs. From our point of view it is readily 
explainable; the blood pressure falls as the cerebral circulation im- 
proves. We became sufficiently interested in this fact to go over the 
records of a number of cases of cardiac decompensation. Although 
we are not prepared at the present time to consider the subject fully, 
we are convinced that the relationship brought out in our cases is not 
an unusual one. However paradoxical it may seem, the blood pres- 
sure frequently falls as the heart shifts from decompensation to 
compensation. 


CONCLUSIONS 


As a final analysis what conclusions can be drawn as to the nature 
of that disease process of which one of the most striking features is a 
persistently elevated arterial pressure. (Essential hypertension, 
idiopathic hypertension, chronic cardio-vascular hypertensive disease, 
hyperpiesia, et al.) 

In the first place, it is at once apparent that our studies contribute 
nothing to the aetiology of the disease. On the other hand, we feel 
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that we have a logical anatomical explanation, supported by experi- 
mental fact, for persistent elevation of blood pressure. 

For many years, in fact since the classical works of Gull and Sutton, 
it has been recognized that there is an intimate relationship between 
arteriolar thickening and the anatomical changes which we today 
recognize as being associated with increased arterial tension. The 
study of this relationship has attracted many of the world’s foremost 
pathologists and clinicians; much painstaking work has resulted and 
many hypotheses have been advanced, most of which have been found 
inadequate when subjected to thorough analysis. In spite of the 
vast amount of literature which has accumulated upon the subject, 
one can find very little which one feels casts light upon a still utterly 
puzzling picture. 

Christian (34), in speaking of the relationship existing between 
chronic nephritis without oedema and what he chooses to call ‘vascular 
hypertension’ progressing into nephritis, says of the latter; that it is 
not made up of a group of patients “‘with chronic nephritis but a 
group of patients with general vascular disease in whom the renal 
disease is but a local manifestation, which may or may not dominate 
the clinical picture.” 

May we be allowed to go one step further? We feel that it is 
altogether likely that when these vascular changes take place in the 
brain stem there is an explanation for the occurrence of hypertension. 


APPENDIX 


Case 1. Autopsy No. 7213. Psych. No. 1979. 

L. A., female, white, 65 yrs. (time of death). Admitted Apr. 1918. Depres- 
sions, head sensations, giddiness for ten yrs. Moderate arteriosclerosis. Left 
cardiac margin 3 cm. beyond M.C.L. Urine: few granular casts. Phth. 58% in 
2 hrs. Wa. R. neg. Retinal vessels tortuous. B.P. high, very labile, up to 
210/120. Discharged July, 1918, much improved. 

Admitted Aug. 1921. Complaints as above, and in addition loss of appetite 
and loss of weight. Arteriosclerosis more marked. Heart enlarged; systolic 
murmur at apex. Sclerosis of retinal vessels more pronounced. Urine neg.; 
S.G. 1018-1020. B.P. constantly high; typical reading: 225/120. Discharged 
10/4/21. 

Returned 9/2/22. Complaints, cardiac hypertrophy, and arteriosclerosis as 
before. Urine: albumin (faint trace); scattered hyaline and granular casts. 
Phth. 53% in 2 hrs. N.P.N. 38 mg. %. B.P. constantly high, running to 


270/120. Died suddenly 11,3, 22; cerebral vascular accident. 
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Anatomical findings: Weight 55.6 kg. Intracerebral haemorrhages into 
ventricles. Heart, 400 gm.; left ventricle hypertrophied. No valvular disease. 
Arteriosclerosis, generalized. The thoracic aorta showed numerous yellow plaques; 





Fic. 3. CAsE 2 Fic. 4. CAsE 4 


All microphotographs taken from sections stained with the combined Verhoeff- 
yan Gieson technic. Magnification same throughout—approximately 400 
diameters. 


the abdominal portion practically solid calcium, calcification more marked as the 
bifurcation was approached. Coronaries markedly narrowed. Extreme sclerosis 
in almost all the smaller arteries throughout body, particularly in abdominal 
viscera and base of brain. Kidneys showed very mild change. 
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Arteriosclerosis: Kidney +; liver +; adrenal ++; heart ++; lung —. 

Sections from the medulla oblongata showed arterioles considerably altered 
The intima in most of them was fairly normal, although in several it was some- 
what thickened. The media showed a variety of changes and in all the arterioles 
it was obviously thicker than normal; the muscle nuclei stained poorly. Fibrous 
tissue infiltrated through the media. In some arterioles the media had a homo- 
geneous, hyaline appearance; in others a granular deposit separated the muscle 
fibres of one side, forcing the lumen into an eccentric position, almost obliterating it. 
Figure 2 shows an arteriole of the latter type. No abnormalities in adventitia. 
Section from cerebral cortex showed changes of a similar nature. 

Summary: A long history of sustained arterial hypertension. Kidneys prac 
tically normal at autopsy. Left ventricular hypertrophy. Generalized arterio- 


and arteriolosclerosis. Arteriolosclerosis in medulla oblongata. 


Case2. Autopsy No. 9026. Med. No. 54,170. 

J.P., male, colored, 80 yrs. Adm. 12/28/25. Complaint: swollen, painful 
knee. Aside from chancre (possibly luetic), and frequent epistaxes (since boy- 
hood) had enjoyed excellent health. On entry, T. 101°, P.46,R.28. Pyarthrosis. 
Resolving pneumonia; marked emphysema. Heart not enlarged; systolic mur- 
mur at apex. Peripheral and retinal arteriosclerosis. Urine: pus cells; epithelial 
cells; albumin; few casts. Wa. R. neg. No anaemia; W.B.C. 77,600; 95° 
P.M.N. B.P. 120/80 to 120/70. Condition grew steadily worse; gangrene of 
hands and feet; empyema; pericardial effusion. Death 1/12/26. 

Anatomical findings: Weight, 41 kg. Pleurisy. Empyema. Pericarditis. 
Otitis media. Meningitis. Pyarthrosis. Gangrene of hands and feet. Thrombi 
in peripheral veins of extremities. Thrombus in right femoral vein. Emphysema 
Heart, 425 gm. No valvular disease. Generalized arteriosclerosis. Aorta 
markedly thickened and calcified; coronaries sclerotic. The larger vessels of the 
leg showed extreme arteriosclerotic changes. At base of brain some arteries 
showed patchy sclerosis; basilar artery and vertebrals normal. The kidney showed 
old scars. Capsule slightly adherent; smaller arterioles considerably thickened; 
scattering of hyalinized glomeruli. 

Arteriolosclerosis: Skin from lower third of leg +++; intestine +; heart 
muscle +; kidney ++; adrenals + +; liver +; lung —. 

The medulla oblongata showed absolutely no abnormal arteriolar condition. 
Figure 3 shows a small arteriole near the center of the medulla oblongata. This 
arteriole and others in this region showed normal intima, and normal media with 
well stained muscle nuclei. The adventitia was not remarkable. No sclerotic 
changes were found in sections from other portions of the brain. 

Summary: Blood pressure normal. Profound sclerotic changes throughout the 
arterialsystem. Arterioles in medulla oblongata not involved in sclerotic changes. 


Case 3. Autopsy No. 8328. Med. No. 52002. 
L. B., white male, 76 yrs. (time of death), admitted 7/5/19, under treatment for 
diabetes mellitus. Slight headaches one year. Retinal arteries slightly tortuous; 
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heart not enlarged; no murmurs; aortic and pulmonary second sounds equal, not 
accentuated. Radial arteries thickened; B.P. 130/80. Urine: no albumin or 
casts; became sugar-free on fourth day. Discharged, improved, 8/2/19. 

Readmitted 3/21/22, complaining of ulcers on feet; discharged May 2, 1922, 
improved. Condition essentially as before. B.P. 135/80. 

Admitted for third time 5/15/24, complaining of inability to swallow; discharged, 
improved, 6/20/24. B.P. 120/70. Impression: In addition to diabetes mellitus 
and arteriosclerosis, probably bulbar palsy. 

Fourth admission 11/3/24, similar complaints. Retinal arteries slightly sclero- 
tic; heart not enlarged; nothing remarkable about sounds. Radial and brachial 
arteries markedly sclerotic; B.P. 140/80. Urine: Albumin + and +4; occa- 
sionally a few casts. Developed lobular pneumonia and died 11/16/24. 

Anatomical findings: Weight, 65.5 kg. Heart, 350 gm.; few superficial scars; 
valves normal; coronary arteries greatly thickened. Aorta very sclerotic especially 
near bifurcation and extending into iliac and femoral arteries. Medium-sized 
abdominal vessels hard and thick-walled. Extreme sclerosis of larger cerebral 
vessels. Kidney tissues somewhat reduced; microscopically superficial scars with 
round-cell infiltration and obliteration of glomeruli. 

Arteriolosclerosis: Cerebrum —; spinal cord —; pancreas —; liver —; kidney +; 
heart —; lung —; adrenai —. 

Arterioles of medulla oblongata found to be thin-walled. Intima, media and 
adventitia carefully examined for abnormalities, but none found. 

Summary: Blood pressure normal; generalized arteriosclerosis; no cardiac 
hypertrophy; slight chronic nephritis; arterioles in brain stem unaltered. 


Case 4. Autopsy No. 8943. Obs. No. 15593. 

M.K., colored female, 35 yrs. (time of death). Outpatient dept., Nov. 1917; 
8th month pregnancy; B.P. 170/90; urine neg. Following day: B.P. 138/90; 
urine: alb. (trace). B.P. continued around 145/95 up to spontaneous delivery 
1/27/18. 

During pregnancy Feb. 1919: B.P. 145/95; urine neg. 

1924: still born child at term (at another hospital); hypertension; albuminuria. 

Adm. 11/15/25: weakness, headaches, dizziness, dimness of vision; frequent 
and scant micturition for some time, almost total suppression for 24 hrs. Day 
before admission spontaneous abortion of 4-5 mos. fetus. On admission obviously 
ill; odor of acetone on breath; heart enlarged, systolic murmur at apex; retinal 
vessels tortuous and sclerotic; twitchings of arms and legs. Urine: alb. (2 gm. 
per litre), many casts. Phth. 0%. N.P.N. 162 mgm. %. Blood sugar 153 
mgm. %. Wa. R. neg. B.P. 190/140. Course progressively downhill. N.P.N. 
increased to 285 mgm. %,. Death 11/18/25. 

Anatomical findings: Weight 60 kg. Infected puerperal uterus; areas of necrosis 
in the pancreas; slight bronchial pneumonia and pulmonary oedema. Heart, 
450 gm.; left ventricle thickened and firm; no valvular defects; coronary arteries 
contained arteriosclerotic plaques but patent throughout. In aorta atheromatous 
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areas but change not striking; larger renal vessels diffusely thickened. Kidneys, 
old and deep scars; fresh haemorrhages. 

Arteriolosclerosis: Cerebral cortex ++; heart —; lung —; liver —; adrenal +; 
kidney +++; bladder +; pancreas + +. 

Arterioles of medulla oblongata all greatly thickened, their lumina in certain 
instances almost obliterated. In larger arterioles change chiefly intimal, con- 
sisting in endothelial proliferation, and infiltration of pink-staining (van Gieson) 
fibrous tissue. In medium-sized and small arterioles media greatly thickened by 
loose fibrous material (not pink-staining). Muscle nuclei large and well stained. 
In some arterioles granular material between intima and media almost occluding 
lumen and pushing it to one side. Figure 4 shows medium-sized arteriole which 
demonstrates some of these changes. 

Summary: Hypertension. Chronic nephritis, associated with pregnancy. Left 
ventricular hypertrophy. Mild generalized arteriosclerosis. Extreme degree of 
arteriolosclerosis in medulla oblongata. 


Case 5. Autopsy No. 7648. Med. No. 49869. 

C. D., white male, 67 yrs. (time of death). History: rheumatism twice, 
gonorrhoea several times, primary syphilitic lesion 20 yrs. previously. P. I. began 
Dec. 1921 with precordial pain radiating into left shoulder and arm. Since then 
increasing dyspnoea on exertion and at night. Seen in physician’s office Oct. 1922: 
brachial and radial arteries markedly thickened. No retinal arteriosclerosis. 
Phth. 36% in 2 hrs. N.P.N. 41 mg. %. Wa. R. neg. Cardiac signs pointed to 
aortic insufficiency. B.P. 155,90. 

Adm. 12/14/22 obvious cardiac decompensation; B.P. 165/70. With rest and 
treatment symptoms of decompensation cleared up and B.P. fell, ranging from 
135 to 150 syst. and 70 to 80 diast. Discharged 1/2/23. 

Readmitted 2/7/23; cardiac decompensation. Phth. 41% in 2 hrs. N.P.N. 
35 mgm. %. B.P. 150/65-130/55, latter reading during compensation. Dis- 
charged 3/21/23. 

Returned 6/29/23; myocardial insufficiency very marked. Urine: alb. (faint 
trace), many pus cells, few casts. Phth. 41% in 2 hrs. N.P.N. 50.8 mgm. %. 
Wa.R.neg. B.P. rose once to 180/70 but fell immediately and remained at a lower 
level: 140/70-160/85. Course steadily downhill. Death 8/26/23. 

Anatomical findings: Weight,62 kg. Scarofchancre. Marked pitting oedema 
about ankles. Chronic passive congestion of lungs and liver. Emphysema. 
Heart, 630 grams. Dilated and hypertrophied. Extreme calcification and con- 
traction of aortic leaflets. The changes in the aorta and about the aortic valve 
in no way suggested syphilitic aortitis. Extreme and widespread arteriosclerosis. 
Aorta extensively calcified, particularly abdominal portion, sclerotic process 
extending out into iliacs. Lumina of coronaries greatly reduced. Hepatic and 
renal arteries markedly sclerotic. Patchy sclerosis of arteries at base of brain. 
Renal capsules thickened and adherent; microscopically, cortex contained in- 
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conspicuous amount of scar tissue infiltrated with leucocytes; some arterioles 
showed slight intimal proliferation. 

Arteriolosclerosis: Kidney +; pancreas ++; lung +; adrenal +; liver —; 
heart not examined. 





Fic. 5. CAsE 5 Fic. 6. CASE 6 





Fic. 8. CASE 9 





All microphotographs taken from sections stained with the combined Verhoeff- 
van Gieson technic. Magnification same throughout—approximately 400 
diameters. 


In medulla oblongata arterioles normal in every respect; walls thin, lumina 
wide; intima, media and adventitia totaliy unaltered; muscle nuclei large and well 
stained (Fig. 5). 
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Summary: Recurring cardiac decompensation. Aortic insufficiency. Blood 
pressure within normal limit with heart compensating. Generalized hypertrophy 
and dilatation of heart. Extreme and widespread arteriosclerosis. Arterioles in 
medulla oblongata unaltered. 


Case6. Autopsy No. 6762. Med. No. 46298. 

M. J., colored female, 55 yrs. History of severe headaches for 3 yrs. 3 yrs ago 
doctor told her she had “high blood pressure.’’ 3 wks ago swelling of feet and 
ankles. 10/24/21, suddenly unconscious. Admitted 10/25/21 with evidences of 
cerebral haemorrhage; heart slightly enlarged, systolic murmur at apex; retinal 
arteries small and tortuous. Urine: alb. + +++; numerous hyaline and granular 
casts. N.P.N. 31 mgm. %. B.P. 300 systolic on admission; remained around 
250/150. Temp. rose to 104.5°. Moist rales throughout lungs; auricular fibrilla- 
tion; gradually weaker respirations. Death 10/26/21. 

Anatomical findings: Weight 57 kg. Intraventricular haemorrhage (right). 
Heart 420 gm.; left ventricle hypertrophied; no valvular disease. Generalized 
arteriosclerosis; aorta moderately sclerotic; in coronary and renal arteries and one 
femoral artery extreme sclerosis; arteries of brain dissected out and found greatly 
sclerotic. Kidneys, slight chronic diffuse nephritis; most kidney tissue intact; 
renal arteries marked sclerosis; occasional old hyalinized glomerulus. 

Arteriolosclerosis: Kidney +++; pancreas +++; adrenal +++; heart 
+-+; lung +; liver +. 

Sections from medulla oblongata showed marked degree of arteriolosclerosis 
involving both media and intima. Figure 6 shows group of arterioles typical of 
larger variety. Arteriole in center of group considerably thickened; endothelium 
separated from internal elastic lamella by a granular-looking deposit; media thick 
and coarsely fibrous, containing muscle nuclei, pale and shrunken. Smaller 
arterioles near center of medulla showed thickened intima and thickened, fibrous- 
looking media, frequently containing muscle cells which were apparently atrophic. 

Summary: History of hypertension. Blood pressure 250/150. Left ventricular 
hypertrophy. Generalized arterio- and arteriolosclerosis. Kidneys not greatly 
altered. Arteriolosclerosis of medulla oblongata. 


Case7. Autopsy No. 8475. Med. No. 52,376. 

G. S., colored female, 48 yrs. (time of death). Admitted to surgical service, 
1906, complaining of pain in back. Accentuated Az. No B.P. record. 

Adm. Medical Service, 1911: swelling of legs, shortness of breath. Heart 
not enlarged. Radial arteries barely palpable. Wa. R. positive. Phth. 30% 
in 2 hrs. Urine: Many R.B.C., W.B.C., and casts; alb. ++++. B.P. 138 
(syst.). 

Outpatient Dept. 1923: recurring severe headaches. Wa. R. neg. Heart 
slightly enlarged; loud, ringing Ae. Urine: alb. +, occasional cast. B.P. 195/130. 

Adm. 10/20/24: headache, vomiting, transient blindness, loss of weight. Semi- 
comatose; delirious. Eye grounds: haemorrhages (old and new); marked vascular 
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changes. Heart moderately enlarged. Wa. R. neg. Phth. 4-18% in 2 hrs. 
N.P.N. rose: 97 to 170 mgm. %. Urine: alb. ++, many casts and W.B.C. 
B.P. 285/140 on admission; remained above 250/140; few hours before death fell 
to 200/120. Terminal signs of cardiac insufficiency. Death 12/27/24. 

Anatomical findings: Weight 51 kg. Generalized oedema; bilateral hydro- 
thorax; chronic passive congestion lungs and liver; numerous haemorrhages in 
epicardium, myocardium, kidney pelves and intestinal mucosa. Heart, 490 gm.; 
left ventricle hypertrophied. Heart muscle: scarring and fatty degeneration; 
fresh endocarditis of mitral valve; fresh pericarditis. Coronary arteries patent; 
heavy fat deposits in intima. Aorta and larger arteries, including renal and cere- 
bral arteries extremely sclerotic with extensive calcification. Kidneys densely 
scarred by severe chronic nephritis. Arterioles greatly thickened and in some areas 
devoid of lumina. Diffuse round-cell infiltration throughout interstitial tissue. 
Many hyalinized glomeruli. 

Arteriolosclerosis: Kidney ++ -+-+; lung —; heart —; adrenal ++; jejunum 
++; pancreas +++; cerebellum ++; liver +. 

Arterioles of medulla oblongata definitely thickened. Intima occasionally 
thickened by pinkish-staining (van Gieson) fibrous tissue. Media universally 
thick, especially in smaller arterioles, where it was of a fibrous appearance in 
which the fibres did not stain pink with van Gieson. Figure 7 shows a small 
arteriole of this type. The muscle nuclei did not appear to be greatly altered. 
They were large for the most part and tended to be somewhat pale. Adventitia 
unchanged. 

Summary: Hypertension. Chronic nephritis. Generalized arterio- and arterio- 
losclerosis. Left ventricular hypertrophy. Arteriolosclerosis in the medulla 
oblongata. 


Case 8. Autopsy No. 4464. Med. No. 34776. 

E. O., white male, 49 yrs. History of mild headaches and nycturia several 
years. Year before admission; headaches lasting 12 hrs. (Patient was told he had 
Bright’s disease.) Jan. 1915: attacks of vertigo; failing eyesight. 2/5/15 series 
of convulsions. Adm. 2/6/15: semi-delirious; markedly cyanotic; no paralysis 
or weakness. Heart enlarged. Ag accentuated. B.P. 245/145. Wa. R. neg. 
Eye grounds: marked arteriosclerosis. Urine: alb., many casts. Phth. 50% in 
2 hrs. Discharged improved 3/8/15. 

Frequent recurrences of convulsions at home. 

Adm. 9/29/15 completely unconscious. Sudden right-sided hemiplegia and 
aphasia several hours before admission. Urine: S.G. 1012; alb. +++ +; hyaline 
and granular casts. Phth. 44% in ‘en hours. N.P.N. 50mg. %. B.P. 220/145 
on admission; remained high until six hours before death when it fell to 115/85. 
Death, 9/30/15. 

Anatomical findings: Localized old encephalomalacia. Recent haemorrhage 
into pons and medulla. Heart, 590 gm.; left ventricle hypertrophied; no valvular 
disease. Arteriosclerosis generalized, not extreme. Aorta showed atheromatous 
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plaques; coronaries moderately sclerotic; scattered plaques throughout larger 
arteries; larger renal arteries uninvolved; arteries at base of brain moderately 
thickened, scattered plaques. Four-fifths of kidney substance appeared normal; 
abnormality in remainder consisted in thickening of capsule of the glomeruli, 
partial hyalinization of some of smaller arterioles, infiltration of round cells in 
areas where above-mentioned changes had occurred. 

Arteriolosclerosis: Kidney ++; adrenal +; lung —; heart —; liver —. 

In medulla oblongata larger arterioles showed mild degree of intimal prolifera- 
tion with occasional subendothelial granular deposits. In smaller arterioles 
intimal change not pronounced, but definite fibrous thickening. Media thickened 
in both larger and smaller vessels; coarsely fibrous; some infiltration of pink-stain- 
ing fibres; many muscle nuclei pale and swollen. Adventitia not altered. 

Summary: Hypertension. Cerebral haemorrhage. Left ventricular hyper- 
trophy. Generalized arteriosclerosis. Slight chronic nephritis. Arteriolar 
changes in medulla oblongata. 


Case 9. Autopsy No. 4663. Med. No. 34604. 

A. P., colored female, 39 yrs. (time of death). History of headaches and nyc- 
turia one year. Adm. Apr. 1914: sore throat. Urine: Sp. g. 1010 — 1015; alb. 
+ ; hyaline and granular casts. B.P. 220/140. Tonsillectomy. Two subsequent 
admissions: similar findings; chronic nephritis; hypertension; in addition, myo- 
cardial insufficiency. 

Fourth admission Feb. 1916: vomiting; oedema and shortness of breath more 
pronounced; marked loss of weight. B.P. 260/168. Eye-grounds: completely 
choked discs; vessels tortuous; haemorrhages. Heart enlarged to left. Urine: 
Sp. g. 1007 — 1010; alb. ++. N.P.N. 46 mgms.%. Wa. R. neg. Discharged 
improved 3/23/16. 

Adm. 4/9/16: Deep coma; B. P. 265/160. Death 4/21/16. 

Anatomical findings: Cerebral haemorrhage. Bilateral bronchopneumonia. 
Emphysema. Heart, 450 gm.; left sided hypertrophy. Generalized arterio- 
sclerosis, most extreme in aorta, coronaries and cerebral arteries. Extreme degree 
of nephritis; renal capsule adherent; slightly granular surface; numerous pin-point 
haemorrhages. Microscopically large masses of fibrous tissue infiltrated with 
round cells. Many arterioles with profound obliterative changes. Various types 
of degenerated glomeruli. Alternating atrophic and dilated tubules separated by 
diffusely increased intertubular connective tissue. 

Arlteriolosclerosis: Kidney ++++; pancreas ++; adrenal 0; heart 0; 
intestine 0; lung 0; liver 0; 

In section from medulla oblongata greatest changes in precapillary arterioles 
and smaller of precursors, walls of which were very thick and the lumina very 
small. Intima frequently thickened; tendency for subendothelial tissue to take on 
dusky pinkish coloration with van Gieson’s stain. Between endothelium and 
innermost elastic layer granular deposit. Media thickened by fibrous-looking 
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material; muscle nuclei generally small, sometimes bloated and pale. In Figure 8 
an arteriole is pictured which shows a number of these changes. 

Summary: Hypertension. Left ventricular hypertrophy. Chronic nephritis. 
Generalized arteriosclerosis. Arteriolosclerosis in medulla oblongata. 


Case 10. Autopsy No. 8779. Med. No. 53454. 

J. M., white male, 63 yrs. Adm. Apr. 1911: acute lobar pneumonia; mild 
cardiac insufficiency; arteriosclerosis; B.P. 110/60. 

Outpatient Dept. Mar. 1922. Heart not enlarged. B.P. 100/55. Urine: 
Alb. +, many hyaline and granular casts. 

Adm. 8/1/25. History of shortness of breath and progressive swelling of legs 
Oedema of legs; retinal vessels small and tortuous; heart considerably enlarged, 
no murmurs; brachial arteries thickened; B.P. 120/70; Wa. R. neg. N.P.N. 31 
mgms. %; urine: alb. (trace), few hyaline casts. Sudden death 8/3/25. 

Anatomical findings: Weight 84 kg. Extreme generalized oedema and chronic 
passive congestion of all organs. Pleural adhesions. Heart, 500 gm. Both right 
and left ventricles greatly dilated. Mitral and tricuspid rings dilated and valves 
incompetent; no organic valvular lesions. Cardiac muscle extremely flabby and 
showed microscopic scarring. Mural thrombus filling left auricular appendage. 
Aorta sclerotic, especially in lower half; sclerosis in all larger arteries, rather 
mild. Coronary arteries somewhat sclerotic but patent. Cerebral arteries mildly 
sclerotic. Kidneys not remarkable with exception of old and new infarcts. 

Arteriolosclerosis: Kidney +; pancreas —; heart —; adrenal +; liver —; 
lung —. 

Medulla oblongata contained arterioles, thin-walled and uninvolved by scle- 
rotic process. Muscle nuclei of media stained extraordinarily well. No intimal 
thickening. 

Summary: Long history of arteriosclerosis with normal blood pressure. Death 
with extreme cardiac insufficiency. Myocarditis with insufficient mitral and 
tricuspid valves. Moderate generalized arteriosclerosis. Slight arteriolosclerosis 
in kidneys. No arteriolosclerosis in medulla oblongata. 


Case 11. Autopsy No. 9106. Med. No. 54483. 

G. J., colored male, 46 yrs. Outpatient Dept. 12/19/25. History of shortness 
of breath, cough, nycturia 7-8 times. Left cardiac margin 13 cm. beyond M.S.L. 
Signs of myocardial insufficiency. B.P. 200/115. Urine: alb. ++++. Phth. 
0% in 2hrs. Subsequent visits revealed continuance of hypertension. 

Adm. 2/19/26, extremely lethargic. (One week before had become very short 
of breath and unable to speak.) Marked vascular changes in fundi. Heart con- 
siderably enlarged; A; accentuated; soft systolic murmur at apex. B.P. 175/90. 
Radial arteries sclerotic. Myocardial insufficiency noted in previous examina- 
tions was not a striking feature. Evidences of tracheal obstruction; marked 
dyspnoea not relieved by sitting posture; few fine rales at bases of lungs. Wa. R. 
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neg. N.P.N. 249 mgms. %. Urine: Sp. g. 1012; alb. +++; few casts. Increas- 
ing coma death 2/?/26. 

Anatomical findings: Weight 76 kg. Lobular pneumonia; pulmonary oedema; 
larynx obstructed by oedema and diphtheritic membrane; colon ulcerated; 
prostatic hypertrophy; gonorrhoeal cystitis and urethritis. Heart, 600 gm.; 
right and left ventricles hypertrophied; myocardium studded with fine scars; 
accumulation of fat within muscle fibres; no valvular lesions. Generalized ar- 
teriosclerosis. Aorta, syphilitic lesions; wall enormously thickened; fatty, scle- 
rotic patches. Coronary arteries sclerotic, not occluded. Large vessels at base of 
brain sclerotic. Some cerebral atrophy. Kidneys greatly reduced in size, ex- 
tremely distorted, nodular surfaces, deep indentations; capsules adherent. Micro- 
scopically, extreme chronic changes; majority of glomeruli hyalinized; correspond- 
ing tubules collapsed. Numerous arterioles completely obliterated. 

Arteriolosclerosis: Heart +; lung —; kidney +++; adrenal —; pancreas +; 
liver +. 

Larger arterioles of medulla oblongata showed intimal thickening. Thickened 
intima was infiltrated with fibrous tissue; diffuse pinkish coloration with van 
Gieson’s stain. Media of smaller arterioles somewhat thickened. 

Summary: History of persistent hypertension. Myocardial insufficiency. 
Generalized arteriosclerosis. Greatly enlarged heart with scarred musculature. 
Extreme chronic nephritis. Arteriolar changes in medulla oblongata, particularly 
intimal. 


Case 12. Autopsy No. 8396. Med. No. 52153. 

W. B., colored male, 47 yrs. Primary syphilitic lesion, 1904, followed by series 
of late manifestations. Cerebral vascular accident 1914. Outpatient Dept. 
Mar. 1924. B.P. 204/96. Adm. 12/13/24 in coma (sudden “stroke’’ several 
hours previously). Moderate cardiac enlargement; accentuated Az; no murmurs. 
Retinal arteries small and tortuous. Wa. R. +. N.P.N. 82 mgm. %. Urine: 
alb. (trace), occasional cast. B.P. on admission 145/115; two hrs. later 230/145; 
after venesection 110/80; next morning 180/121; few hrs. before death 100/70. 
Death 12/17/24. 

Anatomical findings: Weight 66 kg.; lobular pneumonia; scar from old cerebral 
haemorrhage; a fresh haemorrhage in the pons. Heart, 450 gms. Valves smooth, 
delicate and unaffected. Aorta flecked with yellow patches; in region of arch 
definite intimal thickening; calcification. Neither macroscopically nor micro- 
scopically were there characteristics of luetic aortitis. Coronary arteries distorted 
and moderately sclerotic; arteries at base of brain extremely sclerotic. Micro- 
scopically, kidneys showed a few scattered hyaline glomeruli; casts in some of the 
tubules. Grossly, the kidneys showed no abnormality. 

Arterioloscierosis: Heart +; kidney ++; adrenal —; lung —; pancreas —; 
liver —. 

Some of larger arterioles, just entering the medulla oblongata, showed extreme 
intimal thickening. In arterioles toward center sclerotic changes not striking; 
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few, however, considerably thickened; one lumen almost occluded due to accu- 
mulation of granular material in media. Involvement of media unusual occur- 
rence; generally normal, muscle nuclei stained well. 

Summary: History of syphilis. Cerebral haemorrhage. Hypertension. Gen- 
eralized arteriosclerosis. Mild chronic nephritis. Sclerosis of arterioles of medulla 
oblongata. 


Case 13. Autopsy No. 6871. Med. No. 46796. 

C. I., white female, 50 yrs. History of dizziness and severe headache for two 
weeks, otherwise good health. Adm. 1/20/22 unconscious. Slight arteriosclerosis; 
pulmonary oedema; several fresh haemorrhages in fundi. Heart not enlarged; 
no murmurs. Urine: neg. C.S.F. bloody. Wa. R. neg. N.P.N. 46 mgm. %. 
B. P. could not be determined on admission; several hours later 80/60; Jan. 21, 
120/70; Jan. 22, 150/110; other readings 140/90, 120/75, 155/75, 160/75. Steady 
improvement until sudden unconsciousness and death 1/31/22. 

Anatomical findings: Weight 48 kg. Ruptured aneurysm, right middle cere- 
bral artery Heart 300 gm.; valves not remarkable; scars in myocardium. Aorta 
very sclerotic. Atheromatous plaques in coronaries; no calcification. Intimal 
thickening, right middle cerebral artery in region of aneurysm; necrotic plaque 
extending into aneurysm; internal elastic lamella, underlying plaque, markedly 
fragmented. Kidneys slightly granular; adherent capsules; scarring with round- 
cell infiltration; obliterated glomeruli. 

Arteriolosclerosis: Kidney +; liver +; heart +; adrenal ++; lung —; pan- 
creas —. 

Arterioles of medulla oblongata essentially normal. Some medium-sized ar- 
terioles showed slightly thickened media. No changes noted in intima or adven- 
titia. 

Summary: Cerebral haemorrhage. Generalized arteriosclerosis. No cardiac 
hypertrophy. B.P. generally within normal limits. No arteriolosclerosis medulla 
oblongata. 


Case 14. Autopsy No. 7864. Med. No. 50524. 

S. W., colored female, 52 yrs. For past 6 yrs. headaches every 5-6 weeks 
associated with dizziness, nausea and vomiting, shortness of breath, slight swell- 
ing of legs, nycturia. 1/10/24 suddenly felt weak, 15 minutes later became un- 
conscious. Admitted to hospital with flaccid paralysis of left side. Eye grounds 
arteries small; veins obliterated at crossings; old haemorrhages in left fundus 
Left cardiac margin 14 cm. from M.S.L. in 6th is. Ag ringing and accentuated. 
Radial arteries sclerotic. Wa. R.neg. Urine: alb. ++, occasional cast. N.P.N. 
44 mgm. % on day of admission, rose steadily to 191 mgm. % on day of death. 
B.P. 230/160 (day of admission); constantly high—above 220/130; Jan. 14 began 
to fall; day of death 105/80. Course progressively down-hill; death 1/17/24 

Anatomical findings: Weight not recorded. Parathyroid tumor; bronchial 
pneumonia; large cerebral haemorrhage. Heart, 520 gm.; extraordinary hyper- 
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trophy of left ventricle; no remarkable valvular lesion. Generalized arteriosclerosis 
not severe. Aorta and larger arteries showed arteriosclerotic plaques; iliac and 
femoral vessels somewhat more markedly sclerotic; cerebral vessels thickened. 
Kidneys shrunken and scarred; capsules adherent; microscopically well marked 
chronic changes; interstitial scarring and mononuclear infiltration; glomeruli 
hyalinized and shrunken; blood vessels, especially small arterioles, extremely 
thickened. Tubules necrotic; filled with albumin, desquamated epithelium and 
leucocytes. 

Arteriolosclerosis: Adrenal +; heart +; kidney +++; pancreas +; liver —; 
lung —. 

Changes in arterioles of medulla oblongata entirely medial; intima and adven- 
titia normal. In some, media granular in appearance. Muscle nuclei about nor- 
mal in number but stained poorly in many vessels. 

Summary: Hypertension. Cerebral haemorrhage. Generalized arteriosclerosis. 
Extraordinary left ventricular hypertrophy. Marked chronic nephritis. Striking 
changes in media of arterioles in medulla oblongata. 


Case 15. Autopsy No. 5865. Med. No. 41557. 

R. B., male, white, 64 yrs. Three-year history of polyuria and nycturia. In- 
creasing dyspnoea for two months. Adm. 3/20/19, complaining of shortness of 
breath. Left cardiac margin 2 f.b. outside nipple line; right border 4 cm. to right 
of M.S.L.; systolic murmur apex; A; markedly accentuated; totally irregular 
pulse. Palpable radial and brachial arteries. Eye grounds: tortuous arteries 
Wa. R. neg. Phth. 37% in 2 hours. Urine: alb. ++ and +++, hyaline and 
granular casts. No oedema. B.P. 190/120 on admission; fifth day 210/125; 
seventh day 185/100, where it remained until death. Patient developed pulmo- 
nary infarct, became very short of breath and died suddenly 4/3/19. 

Anatomical findings: Weight, 61 kg. Cerebrospinal meningitis. Heart, 8.20 
gm. Wall of left ventricle 3.5 cm.; right ventricle 0.6 cm. Heart muscle scarred; 
valves, with exception of aortic, which was somewhat thickened, normal. Aorta 
and all large vessels showed arteriosclerosis with calcification. Arteries at base of 
brain quite sclerotic. Kidneys studded with cysts; surfaces rough and scarred, 
capsules adherent; glomeruli in various stages of hyalinzation and obliteration; 
some arterioles showed great intimal thickening. 

Arteriolosclerosis: Adrenal ++; heart —; lung +; liver +; pancreas —; kidney 
+++. 

In arterioles of medulla oblongata changes found chiefly in media of medium- 
sized vessels. Intima moderately thickened in some. Medial changes: thick- 
ening, loss of normal muscular arrangement, fading out of muscle nuclei. Media 
tended to take on granular appearance. Section from cerebrum showed similar 
changes. 

Summary: Myocardial insufficiency. Hypertension. Generalized arterio- 
sclerosis. Greatly hypertrophied left ventricle. Chronic diffuse nephritis. Ar- 
teriolosclerosis in medulla oblongata. 
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Case 16. Autopsy No. 5805. Med. No. 41158. 

N. S., female, white, 70 yrs. Attack of asphasia and left-sided paralysis 3 yrs. 
before admission. Second and similar attack, fall of 1916. Good recovery from 
both. 12/29/18, severe headache and nervousness. 12/30/18, sudden left-sided 
paralysis. Admitted 12/31/18; quite weak but no paralysis; physically wasted; 
mentally alert. No apparent nephritis. Wa. R. neg. Retinal vessels tortuous. 
B.P. 138/90; remained low. Patient failed to show improvement; Jan. 13, temp. 
went to 102.2°, rales at lung bases; increasing weakness. Death 1/27/19. 

Anatomical findings: Weight, 24.5 kg. Senility. Cerebral haemorrhage. 
Bilateral lobular pneumonia. Heart, 200 gm. Generalized arteriosclerosis. 
Aorta and coronaries markedly sclerotic Pronounced endarteritis of larger renal 
arteries. At base of brain larger arteries showed patchy and irregular sclerosis. 
Slight chronic nephritis with scar formation. 

Arteriolosclerosis: Kidney ++; adrenal —; pancreas —; liver —; lung —; 
heart —. 

Sections taken from medulla oblongata showed arterioles normal in every 
respect. Intima, media and adventitia completely unaltered. Muscle nuclei of 
good size and well stained. Figure 9 shows medium-sized arteriole. 

Summary: Normal blood pressure. Heart not enlarged. Generalized arteriolo- 
sclerosis. Slight chronic nephritis. Vessels in medulla oblongata unaltered. 


Case 17. Autopsy No. 6053. Med. No. 42700. 

A. T., male, white, 52 yrs. Attacks of vertigo beginning 4 yrs. before admission 
associated with vomiting and nervousness. During year previous to admission, 
increasing nervousness; loss of weight; choking sensations; swimming feeling in 
head; staggering; insomnia. Severe headache, depression and irritability for 
3 days. Adm. 11/12/19 following sudden right-sided paralysis. Respirations 
irregular with periods of apnoea. Heart enlarged; soft systolic blow. Peripheral 
arteries sclerotic. Eye grounds: arteries small and tortuous; mildly sclerotic. 
Wa. R. neg. Phth. 56% in 2hrs. Slight albuminuria. B.P. 210/160. Periods of 
apnoea increased in length, respiratory failure and death 9 hrs. after admission 
(11/12/19). 

Anatomical findings: Weight, 58 kg. Multiple cerebral haemorrhages. Con- 
fluent lobular pneumonia. Heart, 480 gm.; hypertrophy of left ventricle; valves 
not diseased. Aorta and larger vessels showed atheromatous patches. Coronaries 
moderately sclerotic. Large arteries at base of brain showed irregular and patchy 
sclerosis. Chronic diffuse nephritis with reduction of kidney cortex; scarring 
and arteriolosclerosis of moderate grade. 

Arteriolosclerosis: Kidney ++; pancreas ++; heart +; lung —; liver —. 

Medulla oblongata showed arterioles greatly thickened. Intima seat of greatest 
change; even in tiniest arterioles thicker than normal. In these it stained pink 
with the van Gieson stain, forming a definitely demarcated, homogeneous, pink 
ring upon the inner surface of which the endothelial nuclei sat, and around which 
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stretched the yellow ring of the media (Fig. 10). Media, aside from being some 
what thickened and containing increased amount of fibrous tissue, apparently 
normal; muscle nuclei stained well, normal appearance. Adventitia not altered 


Section from cerebral cortex showed changes of similar nature. 





Fic. 9. CAse 16 





Fic. 11. CAsE 21 


All microphotographs taken from sections stained with the combined Verhoefi- 
van Gieson technic. Magnification same throughout—approximately 400 
diameters. 


Summary: Clinically, “cardio-vascular hypertensive disease.’’ Generalized 
arteriosclerosis. Chronic diffuse nephritis. Cardiac hypertrophy. Arteriolar 
changes in several organs. Pronounced arteriolosclerosis in medulla oblongata. 
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Case 18. Autopsy No. 9015. Psych. No. 4374. 

A. C., male, white, 73 yrs. Out-patient Dept. 11/27, 25, complaining of being 
tired. Mental condition such that accurate history was impossible. Immediately 
admitted to psychiatric service. Heart very slightly enlarged to left; loud systolic 
murmur at apex; A; not well heard. Marked sclerosis of peripheral vessels. Urine: 
Sp. g. 1015; sugar (trace); alb. not noted; few granular casts. Wa. R. neg. B.P. 
160,95. Uneventful course with sudden death 1,6, 26. 

Anatomical findings: Weight 47 kg. Lungs emphysematous and contained 
great deal of fluid. Lobular pneumonia. Heart, 300 gm. Mitral valve sclerotic, 
with well-marked stenosis; aortic valves stiff and sclerotic, did not appear to be 
insufficient; heart muscle flabby and fatty. Generalized arteriosclerosis. Aorta 
and arteries at base of brain extremely sclerotic. Atrophy of convolutions of brain 
in parietal region. Kidneys showed changes of chronic nephritis; microscopically, 
both superficial and deep scars with round cell infiltration and obliteration of 
glomeruli. 

Arterioloscleriosis: Heart —; pancreas +; kidney ++; lung —; adrenal +; 
liver —. 

Arterioles of medulla oblongata appeared normal in every respect; no intimal 
changes; media of normal thickness, muscle nuclei stained well; adventitia ap 
peared normal. 

Summary: Blood pressure slightly, if at all, elevated. Generalized arterio 
sclerosis. Mitral stenosis. Heart not hypertrophied. Chronic nephritis. No 


changes in arterioles of medulla oblongata 





Case 19. Autopsy No. 8523. Med. No. 52511. 

S. R., female, white, 70 yrs. Admitted 2. 7,'25; right-sided paralysis. Well until 
1922, then headaches; no cardiac or renal symptoms. 1917 left hemiplegia 
3 wks. duration. Retinal arteriosclerosis: heart 12 cm. to left of M.S.L. A, ++; 
no murmurs. Radial arteries sclerotic. B.P. 200/110. Constantly high. Wa. R 
neg. Urine: alb. ++-+-+; numerous casts. Death 2/24/25. 

Anatomical findings: Weight 48 kg. Left cerebral haemorrhage; old haemor- 
rhage right side. Lobular pneumonia both bases. Heart, 350 gm. Slight left 
ventricular hypertrophy. Valves healthy. Coronaries extremely sclerotic. 
Aorta and arteries at base of brain very sclerotic; in scattered areas early miliary 
aneurysms; whole basilar artery plugged by a thrombus-like substance. Kidneys 
slight scarring. Arterioles moderately thickened. 

Arteriolosclerosis: Kidney ++; lung —; pancreas + +; heart +; adrenal + +; 
liver —. 

Arteriolar changes medulla oblongata, although present, not striking; media 
of smaller arterioles moderately thickened; some showed mild intimal proliferation. 

Summary: Cerebral haemorrhage. Hypertension. Advanced arteriosclerosis. 
Slight left ventricular hypertrophy. Slight chronic nephritis. Slight arteriolar 
changes in medulla oblongata. 
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(Note: We feel that this case is the least satisfactory one among our series. 
In view of the fact that the patient was first seen after the occurrence of cerebral 
haemorrhage, the presence of hypertension, B.P. 200/110, in the absence of definite 
cardiac hypertrophy, may be of little significance.) 


Case 20. Autopsy No. 7971. Med. No. 50879. 

C. L., white male, 66 yrs. Admitted 3/19/24, complaining of cough, weakness, 
shortness of breath and precordial pain; headaches and nycturia for 1 year. B.P. 
150/100; no retinal changes; heart enlarged; no murmurs; lobular pneumonia. 
Wa. R. neg. Phthalein excretion 35% 2 hrs. B.P. 140/100; 170/100; 165/130. 
Death 3/29/24. 

Anatomical findings: Purulent bronchitis; emphysema; lobular pneumonia. 
Heart, 560 gms.; bilateral hypertrophy. Apex left ventricle thinned to 2 mm. ; 
marked scarring of cardiac muscle; no valvular defects. Aorta sclerotic. Cor- 
onary arteries extremely sclerotic; anterior descending branch almost completely 
obliterated. Moderate sclerosis all larger arteries; base of brain vessels quite 
sclerotic. Kidneys granular; arterioles thickened. Some glomeruli hyalinized. 

Arteriolosclerosis: Kidney +; lung +; liver —; heart, adrenal body and pan- 
creas not examined. 

Around periphery of medulla oblongata arterioles considerably sclerotic; marked 
thickening of intima and infiltration of fibrous tissue. In smaller arterioles within 
substance of medulla changes quite definite; here alterations chiefly in media; 
irregularly thickened; reduced number of muscle nuclei; nuclei stained poorly; 
adventitia, no abnormalities. 


Case 21. Autopsy No. 8731. Med. No. 53291. 

M. B., female, white, 60 yrs. admitted 6/19/25 with dyspnoea and oedema. 
Rheumatic fever 1914. On admission, marked oedema, enlarged heart, apical 
systolic murmur, A; ++. Liver large; arteries sclerotic. Phthalein excretion 
48% in 2 hrs. Wa. R.neg. Urine: Alb. ++;many casts. B.P. 150/100-165/110. 
Death 7/1/25. 

Anatomical findings: Weight, 72 kg. Chronic passive congestion lungs, liver 
spleen. Heart, 480 gms.; hypertrophied; muscle soft, flabby and scarred; mitral 
ring contracted; old vegetations, rheumatic in character. Arteries most striking; 
aorta extremely sclerotic; coronaries calcified. Large vessels at base of brain 
thick and stiff. Kidneys scarred; larger renal arteries thickened. Microscopically 
greatest portion of kidney tissue was uninvolved; slight superficial scarring; few 
glomeruli obliterated; arterioles slightly sclerotic. 

Arteriolosclerosis: Kidney +; adrenal +; pancreas +; heart —; iung —. The 
greatest changes in medulla oblongata in medium-sized vessels; intimal changes 
conspicuously lacking, media altered in all, in some to a striking degree. Figure 
II represents an arteriole which shows pronounced thickening. 

Summary: Hypertension. Myocardial insufficiency. Extreme generalized 
arteriosclerosis. Hypertrophied and dilated heart. Slight chronic nephritis. 
Marked arteriolosclerosis in medulla oblongata. 
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Case 22. Autopsy No. 8412. Med. No. 52211. 

J. M., white, woman, 67 yrs. Admitted 12/24/24, unconscious. Formerly, 
good health; no headaches or vertigo. Sudden stroke. B.P. 150/84; heart not 
enlarged; systolic murmur at base; A, = P;. Arteries thickened; right hemiplegia. 
Wa. R. neg. Blood N.P.N.48 mg. %. Urine: Alb. +; casts. Death 12/27/24. 

Anatomical findings: Weight, 58 kg. Haemorrhage into ventricles. Lobular 
pneumonia. Heart, 350 gm. Left ventricle slightly hypertrophied. Few patches 
on aortic leaflets. In aorta and larger branches numerous patches. Abdominal 
aorta stiffened by sclerosis. No sclerosis of vessels base of brain. Renal capsules 
thickened and adherent to scarred surfaces. Microscopically, cortical scars; 
scattering of obliterated glomeruli. 

Arteriolosclerosis: Kidney ++; pancreas +; heart +; live’ —; lung -—; 
adrenal +. 

The medulla oblongata contained arterioles unaltered. Intima, media and 
adventitia showed no changes. 

Summary: Blood pressure within normal limits; rising slightly. Generalized 
arteriosclerosis. Death from cerebral haemorrhage. Chronic nephritis. Slight 
hypertrophy of left ventricle. No arteriolosclerosis in medulla oblongata. 


Case 23. Autopsy No. 9139. Med. No. 54571. 

W. J., male, negro, 63 yrs. Admitted 2/18/26, dyspnoea. Asthma and oedema 
for 10 yrs., increasing severity; admitted in extremis, dyspnoea, mental confusion, 
haemoptyses. Heart enlarged; aorta dilated; double murmur at apex; A, ++; 
diastolic murmur. Corrigan pulse. B.P. 135/30; arteries sclerotic. Retinal 
arteries not remarkable; liver enlarged. Urine: Alb. +; casts +, phthalein 
excretion 35% in 2 hrs. Wa.R. +. Cardiac condition improved somewhat. 
3/4/26 B.P. 165/5; sudden death. 

Anatomical findings: Weight 47 kg. Emphysema. Heart, 440 gm. Muscle 
scarred; aortic cusps scarred, contracted and insufficient. Generalized arterio- 
sclerosis; arteries of extremities especially involved; those at base of brain hard 
and stiff. Healed luetic aortitis, aorta tremendously dilated. Kidneys scattered 
cysts; few superficial scars; no suggestion of progressive chronic nephritis in the 
gross; numerous scars and obliterated glomeruli in microscopic sections; many 
arterioles show extensive sclerotic changes. 

Arteriolosclerosis: Kidney +++; heart ++; liver —; lung ; adrenal + +. 

The media of some larger arterioles, around periphery of medulla oblongata, 
slightly thickened; arterioles within the medulla entirely unaltered. 

Summary: Aortic insufficiency, syphilitic aortis. B.P. 135/30-175/50. Gen- 
eralized arteriosc'erosis. Myocardial scarring. Chronic diffuse nephritis. No 
remarkable changes in arterioles of medulla oblongata. 


Case 24. Autopsy No. 5489. Psych. No. 1846. 
B. T., white, female, 41 yrs. Admitted 3/15/18 in coma. Sudden onset with 
hemiplegia. P. 200; R. 45; left hemiplegia; heart not enlarged. No murmurs; 
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B. P. 150/80. Wa. R. + (T 106° at time). Urine: Alb. +; casts. Death 
3/16/18. 

Anatomical findings: Weight 62 kg. Bronchial pneumonia; in right internal 
carotid, innominate and right subclavian arteries there were thrombi. Heart, 
325 gm. No valvular abnormalities; coronary arteries scattered sclerotic patches. 
Aorta, scattered patches; changes in all larger trunks; renal arteries thickened. 
Right internal carotid artery much thickened, barely patent; plugged by thrombus. 

Arteriolosclerosis: Kidney — (there was only a small section available for 
study); heart —; pancreas —; lung —; liver —. 

Arterioles of medulla oblongata totally unaltered, strikingly thin. 

Summary: Rapid onset of symptoms referable to cerebral vascular accident. 
No elevation of blood pressure. Generalized arteriosclerosis with peculiar thick- 
ening and thrombosis of a portion of the right internal carotid artery. No ar- 
teriolar changes in the brain stem. 
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BOOK REVIEWS 


Diseases of Children. By Hecror CHARLES CAMERON, M.A., M.D., F.R.C.P. 
199 pp. $1.75. (Humphrey Milford, Oxford University Press, 1926.) 


This little book written, as the author states, to arouse interest in a greatly 
neglected subject is singularly successful in achieving its purpose. Although the 
details of symptomatology and therapeusis have rightly been left for the text- 
books, there still remains sufficient material for even the experienced clinician. 
The discussion on pneumococcic peritonitis is excellent. Particularly pleasing 
is the chapter on minor ailments. These are treated not as local isolated affec- 
tions but as manifestations of general constitutional states. More important, 
however, is the chapter on “conduct and management.”’ Herein is demonstrated 
a profound understanding and realization of the importance of the doctor’s 
attitude towards the mother of the nervous and unstable child. It is perhaps in 
this last respect that the book is so helpful and valuable to students and prac- 


titioners. 
P. E.R. 


Young’s Practice of Urology. Based on a Study of 12,500 Cases by Hugh H. 
Young, M.A., M.D., D.S.M., Clinical Professor of Urology, Johns Hopkins 
University; Director, Brady Urological Institute, and David M. Davis, 
S.B., M.D., Assistant Urologist, Brady Urological Institute, Johns’ Hopkins 
Hospital, with the collaboration of Franklin P. Johnson. Volumes 2. 
Illustrations 1,000. Color Plates 20. 1484pp. (W. B. Saunders Company, 
Philadelphia, 1926.) 

A Urology in two volumes, based upon twenty-five years of practice and a 
study of 12,500 cases from one clinic. With this as a foundation, it is of particu- 
lar interest to study and analyze the superstructure that has been raised thereon. 

Volume I starts with a chapter on Physiology, which is followed by one of 
unusual interest entitled “Obstructive Uropathy,” a new term, but by its use the 
student-reader is introduced to the manifold symptoms, all so individual yet so 
protean in character, so independent yet so interrelated, arising from some primary 
fault yet manifesting a diversified symptomatology, typical of urologic problems. 
This gives a most valuable prospective at the very start. Chapters on Infection 
follow and in their turn give place to a discussion of Urolithiasis. The volume 
ends with chapters on Prostatic Hypertrophy and Neoplasms of the Urogenital 
Tract. 

In Volume II, after Malformations and Abnormalities, Traumatisms, Foreign 
Bodies, and Ulcerative Lesions, a chapter is devoted to the Diagnostic Sig- 
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nificance of Special Urologic Symptoms, in which we have a most valuable dis- 
cussion of pseudo-clinical entities that in reality are only symptoms—hematuria, 
pyuria, dysuria, pain, bacteriuria and others. These are splendid presentations 
for the student and practitioner. After a chapter on Methods of Examination, 
the Surgery of Urology is presented in eight chapters, and the volume ends with 
chapters on Urology in Infancy and Childhood, Urology and Urologists in War, 
Testicular and Prostatic Organo-therapy, and the Study and Teaching of Urology. 

The authors’ preface should certainly be read once—perhaps twice, and the 
second time more carefully. Hardly a textbook on Urology (as some expected), 
nor a treatise on Urologic Surgical Technique, nor yet a complete reference work, 
it most happily combines the virtues of all three. It is Urology as the author 
has met and practised it, hence the use of the possessive in the title; and as this 
practice spans a most interesting and intensive formative period, a true renais- 
sance in Urology, few indeed are the problems upon which Dr. Young’s gifted 
powers have not dwelt and left their imprint for the advancement of science and 
the benefit of mankind. 

The practitioner will find here the proper sequence of steps in examinations 
and diagnosis, the possibilities to be considered from a group of symptoms, and 
an abundance of non-operative treatment with the limitations thereof. The 
surgeon will find operative methods in infinite detail that have given results in 
this clinic, illustrated as never before in any surgery, with enlightening and char- 
acteristic case reports, together with the pathological changes, statistics and post- 
operative results. The student and research worker will gain much inspiration 
in appreciating a number of problems that were met and the modes of solution 
evolved, and while there is no wealth of bibliography it has been so well chosen 
as to represent the actual stepping-stones of progress. 

Of criticism, not a little is possible if one wishes to judge by comparisons, seek 
omissions, and revel in personal differences of opinion. These volumes are above 
such critical methods. The wealth of excellent original illustrations, the uni- 
formity, ease, and pleasure of the style, the occasional touch of humor (that so 
bespeaks the authorship) and the realization that the work of one man has so 
beneficially touched so many problems to such solid advancement and world- 
wide acceptance, makes one feel incapable of giving sufficient praise and hesitate 
to even think critically. There is a certain lack of style and accuracy in the 
chapter on bacteriology and bacteriological technique, quite foreign to the re- 
mainder of the book. Several small errors inevitable in first editions, of course, 
occur. The term “blood urea” is used loosely where undoubtedly “blood urea 
nitrogen” is meant—a careless and even dangerous error; paragraphs on pages 
110 and 111 are confused, and we are old fashioned enough to heckle over the use 
of the word “impermeable”’ where “impassable” is meant in speaking of urethral 
stricture. 

Some will wonder at the inclusion of “War Urology.”’ If asked what work of 
Dr. Young’s has brought the greatest good to the greatest number, one would 
hesitate to say the group of two thousand elderly men saved a few years by pros- 
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tatectomy, or the smaller group rescued from death by mercurochrome, or the 
occasional cancer cured. Truly, the work that enabled three millions of Ameri- 
cans to return home from war on a foreign soil with a venereal rate one-half that 
of our hand-picked army on a peace footing at home and less than one-fourth 
that of the other armies, our allies in the field, all largely due to the foresight, 
energy, originality, perseverance, and personality of the leader of our corps of 
American urologists, stands as a brilliant achievement and constitutes a debt 
which should never be forgotten. 

In their entirety, we feel that these volumes present such a unique individual 
character as to have consummated to the full their authors’ desires and to repre- 


sent a fundamental epoch in Urology. 
A. R. 


A Bipolar Theory of Living Processes. By Grorce W. Came. 405 pp. $5.00. 
(The Macmillan Co., New York, 1926.) 


This book is a natural child of our present era, in which so many medical 
investigators are (to paraphrase the sobriquet applied to Spinoza) physico- 
chemically intoxicated. The air reeks with physics, chemistry and mathematics. 
Hardly a fledgling in academic medicine who does not believe that it is good 
and proper, if not, indeed, absolutely essential for his advancement, to master 
mathematics and physical chemistry in a course of a few lessons and to hasten 
to enrich medical literature with some theoretical proposition bristling with 
calculus hieroglyphics and bizarre graphs. Physicists and chemists realize 
acutely the limitations of our present knowledge of the laws governing the reac- 
tions of inorganic nature; undergraduates know how extremely little. we even 
suspect, as yet, of that marvellous series of unvisioned laws which must govern 
the actions of living protoplasm; but medical men, with a temerity which might 
be amusing were it not so often unfortunate and pathetic, charge upon the most 
intricate problems of living matter armed only with an incomplete and amateurish 
understanding of a few little facts pertaining to the properties of inorganic bodies. 
The enlightened, well grounded medical investigator, reaching an impasse in 
the application of physico-chemical methods to his problem, finds it necessary not 
infrequently to become, for a while at least, an investigator in pure physics or 
chemistry in order to carry those sciences a bit nearer to his needs for biological 
investigation; but for every one of these who bend methods to fit their problems, 
there are a hundred others who prate glibly of Donnan’s equilibrium, of hydrogen- 
ion concentration, of surface tension, of whatnot, while they nonchalantly strap 
all manner of living phenomena upon the Procrustean bed of any particular 
little phase of physical chemistry about which they have acquired a smattering 
of information. Certainly the day is not distant when a handful of calculus 
equations will cease to serve as a shibboleth to earn respect for any person who 
prints them in a medical paper. Meanwhile, it is hardly surprising to meet with 
such an extraordinary book as this one of Dr. Crile, richly illustrated with graphs, 
charts, pages of higher mathematics, and diagrams. 
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The reviewer cannot attempt an exposition of Dr. Crile’s Bipolar Theory. 
Suffice it to quote from that eminent surgeon’s own summary: “The bipolar 
theory shows that the living organism is a mechanism adapted to electric control, 
hence susceptible of being driven by trigger action by such minute forces as a 
beam of light, which by trigger action discharges relays of hundreds of thousands 
of cell condensers, causing a massive reaction which may involve the entire 
organism, just as the minute force conveyed by a wireless wave may explode a 
mine. Even more readily the bipolar theory interprets the trigger action of 
the impact of sound waves, of physical contacts. It interprets the chemical 
reactions of fever, digestion and respiration; and it provides a possible interpreta- 
tion of the processes of memory, reason, consciousness and sleep. It identifies the 
mechanism of fatigue, exhaustion and restoration, of surgical shock and its pre- 
vention. It interprets the action of adrenalin. It explains the réle of acids 
and alkalis in the organism. It explains the action of anesthetics. It interprets 
the réle of various electrolytes. It explains the importance of water for the 
maintenance of normal life. It explains the réle of lipoid films. It interprets 
the characteristics of protoplasm itself. It provides the basis for the inter- 
pretation of the evolution of man.” 

After these heights, it is a pity to have to continue to quote: “We concede 
that our thesis has not been finally proven. Final proof is lacking regarding 
practically every point.” 

If Dr. Crile will but slip his tongue in his cheek, he may claim the authorship 


of a masterpiece of satire on contemporaneous medical literature. 
A. R. R. 


The Principles of Anatomic Illustration before Vesalius. By Frevpinc H. GArri- 
son. 158 pp. $2.50. (Hoeber, New York, 1926.) 


In this brief essay Dr. Garrison exhibits once more his gift for weaving the 
criss-cross threads of historical research into a tapestry of ideas. The material 
of his study is the anatomical work of artists of all time, from the pre-historic 
carvers of Willendorf and Malta, through Assyria and Greece to the Florentines. 
The idea which Dr. Garrison professes to illustrate is taken from a rather obvious 
remark of Fletcher’s, to the effect that the work of great artists considered as 
anatomy is not to be looked upon as a record of descriptive morphology, but 
rather as an expression of physiological observation; we do not find in the lions 
of Ninevah or in one of Leonardo’s drawings exact notation of the origin and 
insertion of a muscle, but we do find there a beautifully apt suggestion of its 
contraction, of the change in bodily contours and the movement of the skeleton 
which is produced by the muscle. This is what our author says he is to prove, 
but his real argument is something else, suggested rather than expressed, and 
arising not from any dictum of Fletcher but from an artist-scholar’s view of life 
which is Dr. Garrison’s own. He hints in his essay that all artists who have 
made great representations of the body have done so by virtue of a gift for 
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generalization which is superior to the particularizing skill of the morphological 
worker. It is, therefore, the artist’s quick apprehension, the humanist’s liberality, 
the world-view, which he would recommend to the medical profession at this 
day; we have had too much, Garrison hints, of the static routine of morphology 
and classificatory medicine. Let us practice medicine as artists, not as mechanists. 

The reviewer must confess that the contemplation of so much artistic beauty, 
in the mellow literary companionship of our author, almost seduced him into 
forgetting the argument. Moreover it is difficult to disagree even mildly with a 
writer who has done so much for humanism in medicine, when he pleads for yet 
more of it. However, we may put in a word for those who still feel that sternly 
detailed physical research is the most necessary basis of our Hippocratic art, 
and that the “gift of good seeing’’ must be exercised first upon hard earthly 
fact before it is used to catch sight of visions in the upper air. Rigid uncom- 
promising investigation of fact is scarce and precious in the world; if we strive 
for that, the warm heart of mankind may be trusted to humanize the result. 

The best physicians in all ages have admitted by word and deed the plea Dr. 
Garrison now makes; but the artists have also accepted the converse by making 
formal anatomy a part of their study. The Assyrian who gave undying glory 
to the dying lions of Asshurbanipal could never have caught the form of these 
tensed muscles had he not seen many a dead beast. The Florentines performed 
routine dissection; and even a successful disregard of anatomy like Mestrovic’s 
requires, we are told, no inconsiderable preliminary regard for it. As to the 
artist, so to the physician, brain, eye, hand, and heart are all equally needful. 
Let us, therefore, cry quits in the argument between science and humanism; 
the physician of today must be a scientific humanist and should take for patron 
saints both Leonardo, who discovered much truth in his search for beauty, and 
Vesalius, who sought first the truth but achieved something that was (in respect 
to his time) so luminous and so complete that to the wise it is indistinguishable 
from beauty. 

G. W. C. 











